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many science-related careers. The broad areas covered are biology,
chemistry, physics, and earth science. Zach area is divided into
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CAREER STATEMENT

THE BASIC KNOWLEDGE OF THE WORLD IN WHICH WE LIVE IS UNDERGOING AN

EXCITING CHANGE AS A DIRECT RESULT OF THE BREAKTHROUGHS IN ALL SCIENTIFIC

FIELDS. SECAUSE OF THIS INCREASED IMPORTANCE OF SCIENCE AND TECHNOLOGY IN

OUR TIMES, AN UNDERSTANDING OF THE FUNDAMENTAL PRINCIPLES UNDERLYING MODERN

SCIENCE IS ESSENTIAL FOR ALL STUDENTS.

JUNIOR HIGH SCHOOL IS OFTEN THE STARTING POINT FOR STUDENTS WHO ELECT

SCIENTIFIC CAREERS IN LATER LIFE. HOWEVER, THE CONTENT AND PROCESSES OF

SCIENCE CAN BE USED TO CHALLENGE AND FURTHER A STUDENT'S UNDERSTANDING OF

SCIENCE, REGARDLESS OF HIS FtrURE VOCATISNAL OR PROFESSIONAL PLANS. 4E

CAUSE OF THE IMPACT OF SCIENCE ON THE PERSONAL, SOCIAL, AND ECONOMIC LIVES

Of ALL PEOPLE IN OUR COUNTRY, A SCIENTIFICALLY LITERATE CITIZENSHIP IS

ESSENTIAL.

IT IS IMPORTANT THAT OUR SCHOOLS MAKE SCIENCE AS MEANINGFUL AS POSSIBLE

TO ALL STUDENTS. ONE OF THE MOST MEANINGFUL WAYS TO TEACH SCIENCE IS TO RE

LATE IT TO THE OCCUPATIONS THAT NEED TO HAVE A BASIC UNDERSTANDING OF SCIENCE.

THE UNITS OR ACTIVITIES IN THIS BOOKLET ARE PRACTICAL EXAMPLES OF THE MANY

DUTIES AND RESPONSIBILITIES INVOLVED IN A PARTICULAR CAREER OR CAREERS DEAL

ING WITH SCIENCE.

MERLIN S. OLSON, DIRECTOR
CAREER EDUCATION
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INTRODUCTION

HAVE YOU EVER BEEN ASKED BY A STUDENT, "WHY DO I NEED TO KNOW

.THIS?" IF YOU HAVE, THEN YOU WILL FIND THIS BOOKLET HELPFUL.

OUR PURPOSE WAS TO SHOW THAT THE ACTIVITIES WE TEACH REALLY

DO RELATE TO CAREERS, AND THAT THESE ACTIVITIES GIVE OUR STUDENTS

OPPORTUNITIES TO EXPLORE CONCEPTS AND PROCESSES IN MANY SCIENCE

RELATED CAREERS.

THIS PUBLICATION IS AN ATTEMPT TO PUT TOGETHER A FEW SELECT

ACTIVITIES THAT REPRESENT SKILLS RELATED TO CAREERS. THESE AC1IVI+

TIES WERE DRAWN FROM A CROSS- SECTION OF MATERIALS USED IN GRADES

7 -12. OUR MAIN INTENT WAS NOT TO WRITE NEW ACTIVITIES BUT TO RE-

LATE EXISTING ACTIVITIES TO CAREERS.

UNIT-CAREERS---ACTIVITIES

INITIALLY THE OBJECTIVE WAS TO ICENTIFY THE UNITS COVERED IN

ALL AREAS OF SCIENCE 712; SECONDLY A NUMBER OF CAREERS WERE PLACED

IN EACH UNIT; AND FINALLY ALL PRESENT ACTIVITIES WERE SCREENED TO

PROVIDE EXPLORATION IN THOSE RELATED TO CAREERS.

THE USES;AND EXAMPLES OF THE EVERYDAY APPLICATION OF THE PRIN

CIPLES OF SCIENCES HELP TEACHERS AND THEIR STUDENTS BETTER APPRECIATE

THE PRACTICAL VALUE OF EDUCATION.

THIS BOOKLET REPRESENTS ONLY THE FIRST STEP IN A SERIES OF STEPS

MEANT TO ENCOURAGE SCIENCE TEACHERS TO BECOME MORE REALISTIC IN THEIR

APPROACH TO CAREER - RELATED ACTIVITIES WHICH SHOULD END FOREVER THE

TRADITIONAL LAMENT OF THE YOUNG PERSON, "WHAT GOOD IS IT?"
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THE TOTAL SCIENCE PROGRAMS IN GRADES 7.02 FOR SCHOOL DISTRICT #1,

ARE COVERED IM THE BROAD CATEGORIES WHICH INCLUDES BIOLOGY, EARTH

SCIENCE, CHEMISTRY AND PHYSICS. FOR CLARITY AS TO THE UNITS TAUGHT

WE SUBDIVIDED EACH SUBJECT INTO VARIOUS TOPICS. MANY OF THESE ARE

EXPLORED AT VARIOUS DEPTHS FROM JUNIOR HIGH THROUGH HIGH SCHOOL

THEY ARE LISTED BELOW.

BIOLOGY

A. ECOLOGY
B. GENETICS
Co MICROBIOLOGY
D. ZOOLOGY

1. INVERTEBRATE
2. VERTEBRATE

E. BOTANY

F. HUMAN BIOLOGY
1. ANATOMY
2. PHYSIOLOGY
CHEMISTRY

A. STRUCTURE OF MATTER
B. BEHAVIOR OF MATTER
Co CHEMICAL FAMILIES
D. NUCLEAR ENERGY
E. ORGANIC CHEMISTRY
F. MEASUREMENT

PHYSICS

A. MOTION
B. ENERGY

1. OPTICS

2. ELECTRICITY
HEAT

. CHEMICAL
5. NUCLEAR
64, SOUND

Co MECHANICS

EARTH SCIENCE

A. EARTH AND WHAT IT'S
MADE OF.

B. CHANGES IN THE EARTH'S

SURFACE
Co ANCIENT EARTH HISTORY
D. ATMOSPHEREWEATHER
E. WATER AND SUPPLY
F. LOCATING PLACES AND

KEEPING TIME
G. ASTRONOMY

IN ORDER TO EMPHASIZE ALL THE MANY CAREERS, WE HAVE LISTED EVERY

POSSIBLE LEVEL OF OCCUPATION INTO EACH OF THE SUBDIVISIONS FROM THE

ABOVE TABLE. WE FEEL THAT TOO OFTEN STUDENTS ASK, "WHY DO I NEED

THIS?" AND FOR THAT REASON WE WANTED TO BE AS COMPLETE AS POSSIBLE.
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BIOLOGY - ECOLOGY

BIOLOGIST
ENGINEERING TECHNICIAN

LANDSCAPE ARCHITECT
OCCUPATIONAL THERAPIST
RECREATION LEADER
SOCIOLOGIST
TEACHER SECONDARY0000LLEGE

URBAN PLANNER
TRAVEL AGENTS
AGRIBUSINESS TECHNICIAN
DAIRY PRODUCTION TECHNICIAN

FARMER
FISH CULTURE TECHNICIAN
FORESTRY AID & FOREST PRODUCT

TECHNICIAN
ORCHARD TECHNICIAN
PARKS LAND MANAGEMENT TECHNICIAN
SOIL CONSERVATIONIST
CARPENTER
STATIONARY ENGINEER

CHEMIST
GEOGRAPHY
LIFE SCIENTIST
PSYCHOLOGIST
SOCIAL WORKER
ELEMENTARY TEACHER
TECHNICAL WRITER

VETERINARIAN
REAL ESTATE SALESMEN
AGRICULTURE EXTENSION WORKER
FARM CROP PRODUCTION TECHNICIAN
FISH & WILDLIFE TECHNICIAN
FORESTER
LIVESTOCK PRODUCTION TECHNICIAN

HORTICULTURIST
RANGE MANAGEMENT
SOIL SCIENTIST
CEMENT MASON



ECOLOGY
LEVEL: JUNIOR HIGH

ACTIVITY: ESTIMATING POPULATIONS

MATERIALS:
(PER TEAM)

PAPER CUP FILLED WITh WHITE BEANS
RED BEANS 10

PROCEDURES:
A. (HAND OUT TO EACH TEAM A CUP OF WHITE BEANS.) TRY TO PLAN

TWO OR THREE METHODS FOR ESTIMATING THE NUMBER OF BEANS
WITHOUT COUNTING ALL OF THEM. WRITE OUT BRIEF DESCRIPTIONS
OF THE METHODS AND NUMBER THEM IN YOUR NOTEBOOK. USE EACH
ONE TO MAKE AN ESTIMATES AND RECORD THE RESULTS IN A CHART
SIMILAR TO THIS:

PROCEDURE A PROCEDURE B
(YOUR METHODS) (POPULATION"

1 i 2
1

3 CENSUS METHOD)

PROCEDURE C
(ACTUAL COUNT)

NUMBER OF BEANS
I

i

B. A POPULATION- CENSUS METHOD IS USED BY ECOLOGISTS WHO MUST
ESTIMATE SIZES OF CERTAIN POPULATIONS. IN USING THIS METHODS
THE BIOLOGIST ADDS SOME MARKED INDIVIDUALS TO A POPULATION.
HE ASSUMES THAT THE MARKED ANIMALS WILL MIX WITH THE ANIMALS
ALREADY THERE. APPLYING THIS METHOD HERE, YOU WOULD ADD
10 RED BEANS TO THE CUP OF WHITE BEANS. THEN YOU WOULD MAKE
SURE THAT THE BEANS ARE WELL MIXED. A SAMPLE OF BEANS SHOULD
CONTAIN ABOUT THE SAME RATIO OF RED BEANS/WHITE BEANS THAT THE
WHOLE CUP OF BEANS HAS. SUPPOSE A SAMPLE OF 20 BEANS, CON -
TAINING 2 RED BEANS AND 18 WHITE ONES, IS TAKEN. HERE.
THERE IS A RATIO OF 2/18. YOU ALREADY KNOW THAT THERE ARE
10 RED BEANS IN THE CUP. FROM THIS INFORMATION YOU CAN
SET UP AN EQUATION:

2 RED = 10 RED
7711177717 X WHITE

X STANDS FOR THE TOTAL NUMBER OF WHITE BEANS. BY SOLVING
THE EQUATION (FINDING THE VALUE OF X), YOU WILL LEARN THAT
THE CUP CONTAINS ABOUT 90 WHITE BEANS -- WITHOUT HAVING TO
COUNT THEM.

2 X = 180 (10 TIMES 18)
X = 180 = 90 WHITE BEANS

2

TRY THIS METHOD, AND ENTER THE RESULTS IN YOUR CHART.
C. COUNT THE WHITE BEANS ONE BY ONE, COMPARE THE COUNT WITH

YOUR VARIOUS ESTIMATES.
INTERPRETATION: WHICH METHOD OF ESTIMATING DID YOU FIND MOST ACCURATE?
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ECOLOGY
LEVEL: JUNIOR HIGH

ACTIVITY: POND SUCCESSION ACTIVITIES

PROCEDURES:
A. TAKE STUDENTS ON A FIELD TRIP TO OBSERVE CHANGES IN A LOCAL

POND. IF POSSIBLE FIND A POND WHICR IS BEING FED BY A FAST
STREAM SO A COMPARISON CAN BE MADE ABOUT TWO DIFFERENT ENS
VIRONMENTS. A FEW OF THE ACTIVITIES ON SUCCESSION WHICH
COULD BE DONC INCLUDE:
(A) SAMPLE A STRIP ACROSS A POND TO NEARBY HIGH LAND.,
IDENTIFY THE PLANT ZONES AND PREPARE A PROFILE OF THE STRIP.

(B) HAVE STUDENTS DISCUSS AND REPORT BACK WHAT GRANDPARENTS
OR PARENTS REMEMBER ABOUT CHANGES WHICH HAVE OCCURRED IN
THE AREA.

(C) TAKE SOIL ShMPLES FROM DIFFERENT PLACES IN THE POND AND
MAKE AN ANALYSIS OF WHAT SEDIMENTS PlE FOUND? WHAT IS THE
SIZE OF THE SEDIMENT? WHAT DOES THISANDICATE ABOUT THE
RATE OF SUCCESSION IN THIS AREA?

(D) POSSIBLE QUESTIONS FOR DISCUSSION COULD INCLUDE:

1. HOW DOES A POND CHANGE TO DRY LAND?

2. HOW LONG DOES IT TAKE? WHAT DETERMINES THE LENGTH OF TIME
REQUIRED?

3. IN WHAT WAYS CAN YOU PREDICT THE LENGTH OF TIME REQUIRED?

4. WHAT ARE THE STAGES OF SUCCESSION IN A POND? WHAT INDICA
TIONS DO YOU SEE OF THESE STAGES?

5. HOW IS ANIMAL LIFE OF A POND AFFECTED BY THE CHANGE?

6. HOW DO THE ACTIVITIES OF MAN AFFECT THE RATE OF FILLING
OF A POND?

7. HOW DOES A CHANGING ENVIRONMENT AFFECT THE ORGANISMS
OF THAT AREA?

(E) IF POSSIBLE TAKE ANOTHER FIELD TRIP TO AN OLDER POND
WHICH SUPPORTS MORE PLANT GROWTH. MAKE COMPARISONS OF THE
TWO PONDS.



ECOLOGY

LEVEL: JUNIOR HIGH

ACTIVITY: FIELO STUDIES.OF A GRASSLAND AREA

. MATERIALS:. THERMOMETER
LAB SHEETS
METERSTICK

1

MOUSE TRAPS
PEANUT BUTTER
GRASS & WEED IDENTIFICATION
GUIDES (COUNTY AGENT HAS SEVERAL
TYPES FOR WYOMING)

TO THE TEACHER: THIS ACTIVITY IS DONE OUT IN THE FIELD SO THAT SOME
FIELD TECHNIQUES IN BIOLOGY CAN BE INTRODUCED. IT IS BEST TO FIND
A FIELn WHICH HAS NOT BEEN PASTURED OR USED BUT ANY GRASS FIELD
CAN BE USED. IF NOT IN A REGULAR GRASSLAND AREA BE SURE STUDENTS
ARE AWARE YOU ARE WORKINC NOT WITH A NATURAL BIOME IN THAT AREA.
FOR THE TRAPPING EXERCISE I USE REGULAR MOUSE TRAPS BUT LIVE TRAPS
WOULD BETTER SO AS NOT TO UPSET THE NATURAL BALANCE. THIS ACTIVITY
SHOULD INCLUDE 2 OR 3 DAYS AT LEAST IN THE FIELD. FIRST TO IDENTIFY
THE PHYSICAL AND BIOTIC ENVIRONMENT; SECOND TO STUDY FIELD TRAPPING
AND ON THIRD DAY, DO spEc:rtc STUDY OF A SPECIFIC AREA OF THE GRASS
LAND.

PROCEDURES:
A. HAVE STUDENTS SPREAD OUT FROM A POINT AND INVESTIGATE AND

ANSWER THE FOLLOWING INFORMATION ON THE PHYSICAL ENVIRONMENT.

LOCATION OF STUDY:

DATE:

WIND DIRECTION:

TIME OF DAY

TEMPERATURE:

1111011111

AMOUNT

CLOUD CONOITIONS

EST.

SOIL COMITIONS

WHAT IS THE NATURE OF THE SOIL? (DARK OR LIGHT) (SANDY, CLAY OR LOAM)

INDICATORS AS TO HOW MUCH WATER IS AVAILABLE:

(S THE AREA WELL. DRAINED? HOW CAN YOU TELL?

THE TEACHER SHOULD DEMONSTRATE HOW TO TEST SOIL TYPE BY TAKING HANDFUL
AND SQUEEZING IT TO SEE IF IT STICKS TIGHT (CLAY), LOOSE (SAND) OR IN

BETWEEN.

B. INVESTIGATE THE GENERAL BIOTIC COMMUNITY IN THE AREA. ANSWER

THE FOLLOWING FROM YOUR OBSERVATIONS:

IS THERE A GREAT VARIATION IN PLANT TYPES BETWEEN WET AND DRY AREAS?

ARE THERE ANY WOOD PLANTS PRESENT?

12
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ARE THERE ANY SIGNS OF MAMMALS? IF SO, WHAT?

WHAT INVERTEBRATES DO YOU FIND?

NAME TWO DOMINANT PLANTS OF GRASSLAND?

NAME TWO DOMINANT ANIMALS OF GRASSLAND. ONE VERTEBRATE AND ONE
INVERTEBRATE. AND

PROCEDURES:

C. BEFORE LEAVING THE AREA HAVE 5 MOUSE TRAPS AVAILABLE FOR
EACH TEAM. HAVE THEM BAIT THE TRAPS WITH A SMALL AMOUNT
OF PEANUT BUTTER. DETERMINE A STARTING.LANDMARK THEN
DISPERSE TEAMS IN A FAN SHAPE FROM THAT POINT. GET STUDENTS
TO SELECT A LANDMARK SO THEY CAN WALK TOWARD IT IL A STRAIGHT
LINE. HAVE THEM PLACE TRAPS 20 PACES APART IN A STRAIGHT
LINE. TEACHER WILL PROBABLY HAVE TO DEMONSTRATE HOW TRAPS
ARE SET. ON THE SECOND DAY FIRST HAVE STUDENTS PICK UP
TRAPS AND ANSWER THE FOLLOWING:

(A) HOW MANY MICE DID YOU CATCH?

(B) HOW MANY TRAPS WERE SPRUNG BUT HAD NO MICE?
INVESTIGATE THE AREA FOR TRACKS OF OTHER ANIMALS. 00 YOU
BELIEVE YOUR TRAP WAS SPRUNG BY A MOUSE? IF NOT

WHAT SPRUNG IT AND WHY DO YOU BELIEVE THIS?

COLLECTIVELY GATHER ALL INFORMATION AND DETERMINE AN ESTIMATED
MOUSE POPULATION FOR THE AREA.

(c) TO WHAT PEOPLE WOULD THIS KIND OF INFORMATION BE IMPORTANT
TO?

STUDY SKINS CAN BE MADE FROM MICE CAUGHT AFTER YOU RETURN
FOR THOSE STUDENTS WHO WANT TO.

PROCEDURES:
D. ESTABLISH A SQUARE IN THE GRASS 50 CENTIMETERS SQUARE.

USING YOUR GUIDE KEYS, IDENTIFY THE DIFFERENT KINDS OF PLANTS
YOU FIND IN YOUR SQUARE AND LIST THE NAMES ON YOUR DATA
SHEET. (SEE BELOW) ANY YOU CAN'T IDENTIFY NUMBER IT AN UNKNOWN
AND COLLECT A SAMPLE TO KEY OUT WHEN YOU GET BACK TO CLASS.
NOW COUNT ALL THE PLANTS OF EACH DIFFERENT KIND YOU FIND ON
YOUR PLOT AND PUT IT ON YOUR DATA SHEET. THE REST OF THE
DATA SHEET CAN BE FINISHED IN CLASS OR HOME. YOUR TEACHER WILL
EXPLAIN HOW TO FIND % OF AREA.

13



DATA SHEET

STUDENT: DATE:

VEGETATIONAL

LOCALITY: TYPE:

SOIL TYPE:

'SPECIES No, % AREA
GROWTH ! IMPOR-
TYPE* i TANCE** i

1
I

HEIGHT

* GROWTH TYPE:

** IMPORTANCE:

A=ANNUAL

D=DOMINANT;

HERB; P=PERENNIAL

C=COmMON;

1

HERB; S=SHRUB;

U=UNComMON; R=RARE.

T=TREE.

14
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ECOLOGY
LEVEL: HIGH SCHOOL

ACTIVITY: INTERRELATIONSHIPS OF PRODUCERS AND CONSUMERS

INTRODUCTION:
IN NATURE THERE ARE SO MANY VARYING CONDITIONS IN THE SURROUNDINGS
THAT IT IS OFTEN DIFF CULT TO DETERMINE WHICH VARIABLES AFFECT WHAT
WE OBSERVE AND WHICH DO NOT. ONE WAY TO DECREASE THE NUMBER OF THESE

VARYING CONDITIONS IS TO PLACE ORGANISMS IN CONTAINERS AND THEN
SEAL THEM OFF FROM THE ATMOSPHERE.

PUPOSE:
THE PURPOSE OF THE EXERCISE IS TO OBTAIN DATA THAT WILL ENLARGE
OUR UNDERSTANDING OF THE RELATIONSHIPS BETWEEN PRODUCERS AND CON...
SUMERS...ESPECIALLY THEIR PLACE IN THE CARBON CYCLE.

BACKGROUND INFORMATION:
AN INDICATOR IS A SUBSTANCE THAT SHOWS THE PRESENCE OF A CHEMICAL

SUBSTANCE BY CHANGING COLOR. BROMTHYMOL BLUE IS AN INDICATOR THAT

CHANGES TO A GREEN COLOR IN THE PRESENCE OF AN ACID. CARBON DIOXIDE

(CO2) IS A GAS THAT FORMS AN ACID WHEN DISSOLVED IN WATER. THEREFORE,

IN THIS EXPERIMENT BROMTHYMOL BLUE CAN USED TO INDICATE, INDIRECTLY,

THE PRESENCE OF CO2.

MATERIALS:
SCREW -CAP CULTURE TUBES, 20 X 150 MM

----OR-LONGER, IF
ELODEA (ANARCHARIS), 2 PIECES
CONTAINER OF MELTED PARAFFIN
GLASS - MARKING CRAYON, 1

TEST -TUBE RACK, 1

SMALL WATER SNAILS, 2
BROMTHYMOL BLUE SOLUTION
POND WATER

PROCEDURE:
NUMBER THE SCREW -CAP CULTURE TUBES FROM 1 TO 4.

FILL EACH TUBE WITH POND OR AQUARIUM WATER UNTIL THE WATER SUR-
FACE IS APPROXIMATELY 20 MM FROM THE TOP. ADD 3 TO 5 DROPS OF

BROMTHYMO!.. BLUE SOLUTION TO EACH TUBE. To TUBE 1 ADD A SMALL SNAIL;

TO TUBE 2 ADD A SMALL SNAIL AND A LEAFY STEM OF ELODEA; TO TUBE 3

ADD ELODEA ONLY; DO NOT ADD ANYTHING TO TUBE 4.

PLACE A CAP ON EACH TUBE AND SCREW IT DOWN TIGHTLY. DIP THE

CAP END OF EACH TUBE IN MELTED PARAFFIN. AFTER ALLOWING THE PARA"

FFIN TO COOL AND HARDEN, TEST THE SEAL BY TURNING THE TUBES UPSIDE

DOWN FOR ABOUT FIVE MINUTES. THERE SHOULD BE NO LEAKAGE.

IF ALL TUBES ARE WATERTIGHT, PLACE THEM IN STRONG, INDIRECT

LIGHT- -NOT DIRECT SUNLIGHT. MAKE OBSERVATIONS EACH MORNING AND AFTER-

NOON. RECORD ANY CHANGES IN THE COLOR OF THE INDICATOR (BROMTHYMOL

BLUE) AND IN THE CONDITION OF THE PLANTS AND SNAILS.

DISCUSSION:
IN WHICH TUBE DID THE ORGANISMS DIE FIRST? (1) SINCE THESE ORGAN-

ISMS USUALLY SURVIVE WELL IN AN AQUARIUM OR POND, WE MIGHT SUSPECT THAT

BEING CUT OFF FROM AIR MIGHT HAVE HAD SOMETHING TO DO WITH THEIR DEATH.

WHAT SUBSTANCE IN AIR MAY HAVE BEEN NEEDED? (2) ANOTHER POSSIBILITY IS

THAT DEATH MAY HAVE RESULTED FROM THE ACCUMULATION OF A POISONOUS

15
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DISCUSSION (CONT.)
MATERIAL IN THE WATER. WHAT DOES THE INDICATOR SHOW? (3) Now RECALL
WHAT YOU HAVE READ ABOUT PHOTOSYNTHESIS AND THE CARBON CYCLE. USING

THIS INFORMATION AND YOUR ANSWERS TO THE PREVIOUS QUESTIONS, EXPLAIN
THE DATA YOU RECORDED WHILE OBSERVING THE OTHER TUBES THAT CONTAIN
ORGANISMS. (4) DID THE INDICATOR CHANGE COLOR IN TUBE 4? IF SO,

HOW MIGHT YOU EXPLAIN THIS (KEEPING IN MIND THE SOURCE OF THE WATER)?
(5) CONSIDERING THIS EXERCISE AS AN EXPERIMENT, WHAT WOULD YOU CALL
TUBE In (6) WHAT RESULTS MIGHT YOU HAVE EXPECTED IF ALL TUBES HAD
BEEN KEPT IN TOTAL DARKNESS? (7)

16
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ECOLOGY
LEVEL: HIGH SCHOOL

ACTIVITY: DEVELOPMENT OF ORGANISMS IN A COMMUNITY

PROBLEM:
THE POPULATION OF PLANTS OR ANIMALS IN A COMMUNITY WILL CHANGE AS THE
ENVIRONMENTAL CONDITIONS CHANGE. WHAT KINDS OF ORGANISMS WILL APPEAR

AS A COMMUNITY OF LIVING ORGANISMS BEGINS TO DEVELOP?

MATERIALS:
ONE - GALLON WIDE -MOUTH GLASS JAR OR BATTERY JAR, GLASS COVER PLATE,

EYE DROPPER, MICROSCOPE OR MICROPROJECTOR, MICROSCOPE SLIDES AND
COVER GLASSES,

PROCEDURE:
WASH THE GLASS JAR IN WARM SOAPY WATER AND RINSE THOROUGHLY.

FILL THE JAR ABOUT HALF FULL OF GRASS AND LEAVES COLLECTED FROM A
DRIED -UP DITCH OR POND, AND FILL THE JAR WITH COOL POND WATER THAT
HAS BEEN FILTERED AND BOILED. COVER THE JAR WITH THE GLASS PLATE

SO THAT AIR CAN GET IN AND LEAVE THE JAR IN A LIGHTED PLACE BUT
NOT IN DIRECT SUNLIGHT DR NEAR A RADIATOR.

OBSERVE THE MATERIAL IN THE JAR DAILY FOR THE APPEARANCE OF A
CLOUDY SCUM, EITHER ON TOP OF THE WATER OR ON THE LEAVES OR GRASS.
EACH DAY, PLACE DROPS OF THE WATER, TAKEN FROM THE TOP, SIDES, AND
BOTTOM OF THE JAR, ON A CLEAN GLASS SLIDE AND EXAMINE UNDER THE LOW
AND HIGH POWERS OF THE MICROSCOPE OR MICROPROJECTOR. BE SURE TO

ADJUST THE LIGHT CAREFULLY, AS SOME TINY ORGANISMS MAY NOT BE SEEN

OTHERWISE.

OBSERVATIONS:
RECORD THE TYPE OF ORGANISMS OBSERVED IN THE FOLLOWING TABLE.

NUMBER OF
DAYS

TYPES OF MICROSCOPIC
PLANTS

TYPES OF MICROSCOPIC
ANIMALS

2

6

8
10

INTERPRETATION:
FILL IN THE BLANK WORDS IN THE FOLLOWING PARAGRAPH IN THE NUMBERED
SPACES AT THE RIGHT.

THE STUDY OF THE RELATIONSHIP OF LIVING ORGANISMS T01
THEIR ENVIRONMENT IS KNOWN AS (1). THE ENVIRONMENT AF-
FECTING LIVING ORGANISMS DEPENDS ON SUCH FACTORS AS (2);

(3), AND (4). THE NATURAL ENVIRONMENT IN WHICH A PAR- 3

TICULAR FORM OF LIFE IS FOUND IS CALLED ITS (5), AND 4

THE TOTAL NUMBER OF EACH KIND OF ORGANISM PRESENT MAKES

UP A (6). ALL THE PLANTS AND ANIMALS LIVING TOGETHER 5

IN ONE KIND OF HABITAT MAKE UP A (7). SINCE ANIMAL LIFE6

MUST HAVE FDOC DN WHICH TO LIVE, THE FIRST ORGANISMS _

17 7
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THAT DEVELOPED IN THE COMMUNITY IN THIS EXPERIMENT WERE8
ONECELLED (8). THE NEXT GROUP OF ORGANISMS TO APPEAR
WERE PROBABLY ONECELLED (9), -WHEN-THE COMMIAlri CON 9,

TINUED WITH LITTLE CHANGE-OF ITS LIVING ORGANISMS FOR
A LONG PERIOD OF TIME, IT IS CALLED A (10) COMMUNITY. ''

APPLICATION:

THE PLANTS AND ANIMALS IN ANY COMMUNITY OF LIVING ORGANISMS ARE

DEPENDENT ON EACH OTHER. MAKE A DIAGRAM TO SHOW THE FOOD CHAIN

AMONG THE DIFFERENT ORGANISMS OBSERVED IN YOUR EXPERIMENTAL OOM
MUNITY.

WHY IS IT IMPORTANT FOR SOMEONE WORKING IN AGRICULTURE TO KNOW

WHAT A FOOD CHAIN IS?

THERE ARE MANY OTHER OCCUPATIONS WHERE FOOD CHAINS WOULD BE USEFUL.

NAME SEVERAL.

IS



ECOLOGY
LEVEL: HIGH SCHOOL

ACTIVITY: POLLUTANTS IN THE AIR

PROBLEM:
THE AIR AROUND US CONTAINS MANY POLLUTANTS, SUCH AS BACTERIA, DUST
PARTICLES, AND CHEMICAL SUBSTANCES. How CAN YOU DETERMINE THE

AMOUNT OF DUST PARTICLES IN THE AIR?

MATERIALS:
STICKY FLYPAPER
SMALL BOXES
MAGNIFIER

DIRECTIONS:
CUT 2" x 2" SQUARES OF FLYPAPER AND PUT EACH SQUARE IN A SMALL

BOX WITH THE STICKY SIDE UP. COVER ONE BOX AND LEAVE THE OTHER BOX
OPEN. PLACE BOTH BOXES ON AN OUTSIDE WINDOW LEDGE WHERE THEY WILL
NOT BE BLOWN AWAY. PUT A FRESH PIECE OF FLYPAPER IN THE BOXES

EVERY DAY. EXAMINE THE FLYPAPER SQUARES WITH A MAGNIFIER DAILY.
YOU MAY WISH TO USE LOW POWER ON THE MICROSCOPE TOO)

OBSERVATIONS:
FILL IN THE FOLLOWING TABLE TO DETERMINE HOW THE NUMBER OF DUST
PARTICLES IN THE AIR CHANGES DAY BY DAY.

DAY

NUMBER OF DUST
PARTICLES ON

EXPOVER PAPER

NUMBER OF DUST
PARTICLES ON
COVERED PAPER

AVERAGE NUMBER
OF DUST PARTICLES

AN AIR

FIRST

SECOND

THIRD

FOURTH

FIFTH

INTERPRETATION:

FILL IN THE BLANK WORDS IN THE FOLLOWING PARAGRAPH IN THE NUMBERED
SPACES AT THE RIGHT.

THE AIR WE BREATHE CONTAINS MANY HARMFUL SUB
STANCES KNOWN AS (1). THESE ARE USUALLY THE RE
SULT OF MAN'S CONVERSION OF (2) INTO (3). IN MANY 2

LARGE CITIES, AIR POLLUTION IS RESPONSIBLE FOR THE
FORMATION OF (4) WHICH IRRITATES THE EYES AND
BREATHING PASSAGES. THIS CONDITION MAY BE PRODUCED 4
WHEN CERTAIN (5) ARE RELEASED BY THE EXHAUST FROM
AUTOMOBILES AND ARE ACTED UPON BY (6) BY MEANS OF

A (7) REACTION. THE ATMOSPHERIC CONDITION MOST 6
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LIKELY TO PRODUCE THIS TYPE OF AIR POLLUTION IS A 8
LAYER OF (8) AIR WHICH KEEPS THE AIR NEAR THE
GROUND FROM (9). THE EFFECTS OF AIR POLLUTION ARE 9

MOST SEVERE ON PEOPLE SUFFERING FROM (10) DISEASES. 10

APPLICATION:

/5-

MANY HOMES AND BUILDINGS TODAYeARE.AIR..CONDITIIONED. EXPLAIN WHY
AIR CONDITIONING MAKES THESE PLACES MORE COMFORTABLE TO BE IN AND
THE AIR MORE SUITABLE FOR BREATHING.

WHAT CAREERS MIGHT NEED TO KNOW HOW TO CLEAN UP POLLUTED AIR?

WHAT EFFECT WILL A THERMAL INVERSION HAVE, IF IT OCCURS IN A HEAVY
INDUSTRIAL AREA, ON PERSONS ALREADY HAVING RESPIRATORY DIFFICULTIES?
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ECOLOGY

LEVEL: HIGH SCHOOL

/6

ACTIVITY: PERCENTAGE OF OXYGEN IN MR

PURPOSE: TO FIND THE PERCENTAGE OF OXYGEN IN A SAMPLE OF AIR.

MATERIAL: PHOSPHORUS METHOD:

BATTERY JAR

BURET CLAMP
50 ML METRIC RULER
THERMOMETER
PHOSPHORUS, WHITE

PYROGALLIC ACID METHOD:
BALANCE, PLATFORM
EUDIOMETER, 50 ML
RUBBER STOPPER, SOLID NO. 0
SOLUTION OF SODIUM HYDROXIDE (100 M).

CLAMP
EUDIOMETER
RING STAND
COPPER WIRE,BARE, No. 16, 60-cm

LONG

BATTERY JAR
GRADUATED CYLINDER
PYROGALLIC ACID

INTRODUCTION:
IF A VOLUME OF AIR IS MEASURED ACCURATELY AND THEN THE OXYGEN

REMOVED BY CHEMICAL MEANS, THE PERCENTAGE OF OXYGEN IN THE ORIGINAL

SAMPLE MAY BE COMPUTED EASILY. WHITE PHOSPHORUS UNITES READILY WITH

OXYGEN AND FORMS A WHITE SMOKE OF DIPHOSPHORUS PENTOXIDE. THE WHITE

SMOKE GRADUALLY SETTLES AND DISSOLVES IN THE WATER. THE VOLUME OF

GAS REMAINING, SUBTRACTED FROM THE ORIGINAL VOLUME OF AIR, GIVES/

THE VOLUME OF OXYGEN REMOVED.
AN ALTERNATE METHOD THAT GIVES QUICKER RESULTS IS TO ADD A

MIXTURE OF PYROGALLIC ACID AND SODIUM HYDROXIDE SOLUTION TO A NEAP

SURED VOLUME OF AIR CONTAINED IN A STOPPERED EUDIOMETER. THIS MIXTURE

RAPIDLY UNITES WITH THE OXYGEN IN THE AIR. THE STOPPERED TUBE IS

INVERTED A FEW TIMES TO MIX THE CHEMICALS THOROUGHLY WITH THE ENCLOSED

AIR. THE STOPPERED END IS THEN THRUST UNDER WATER IN A BATTERY JAR.
AS SOON AS THE STOPPER IS REMOVED, WATER IS FORCED IN TO TAKE THE

PLACE OF THE REMOVED OXYGEN. THE VOLUME OF GAS REMAINING IN THE TUBE,

SUBTRACTED FROM THE VOLUME OF AIR USED, GIVES THE VOLUME OF OXYGEN.

PROCEDURE: PHOSPHORUS METHOD
ADD SUFFICIENT WATER TO A 50 -ML EUDIOMETER SO THAT 40 TO 50

ML OF AIR WILL BE ENCLOSED WHEN THE TUBE IN INVERTED IN A BATTERY

JAR OF WATER. IT IS A GOOD PLAN TO FILL SEVERAL LARGE VESSELS WITH
WATER THE DAY BEFORE THE EXPERIMENT, SO THAT THE WATER WILL BE AT

ROOM TEMPERATURE. DETERMINE ACCURATELY THE VOLUME OF AIR ENCLOSED

IN THE EUDIOMETER. MEASURE THE DIFFERENCE IN WATER LEVELS, IF ANY

IN MILLIMETERS. RECORD THE TEMPERATURE OF THE WATER AND ALSO THE

BAROMETER READING IN THE ROOM. COMPUTE THE VOLUME OF DRY AIR ENP

_CLOSED.AT S T P
CUT A STICK OF PHOSPHORUS UNDER WATER SO AS TO GET A PIECE WITH

FRESHLY CUT SURFACES THE SIZE OF A SMALL BEAN, CAUTION: DO NOT

HANDLE PHOSPHORUS WITH THE FINGERS. THRUST ONE END OF A FLEXIBLE,

BARE, COPPER WIRE, ABOUT 60 CM LONG, INTO THE PIECE OF PHOSPHORUS

WHILE IT IS STILL UNDER WATER, NO,' PUSH THE WIRE, WITH THE PHOSP

PHORUS CoN THE END, UP INTO THE EUDIOMETER TO WITHIN SEVERAL CENT-

IMETERS OF THE TOP, OBSERVE THE REACTION WHICH BEGINS AT ONCE.

ALLOW AT LEAST 24 HOURS FOR alLREACTION TO BE COMPLETED.
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INITIAL DATA
VOLUME OF ENCLOSED IN EUDIOMETER ML

DIFFERENCE IN WATER LEVELS.. _a MM
EQUIVALENT DIFFERENCE-IN-LEVELS IN MM OF MERCUR. MM
TEMPERATURE......... DC
BAROMETER READING.. MM
WATER VAPOR PRESSURE..... MM
VOLUME OF DRY AIR ENCLOSED AT S.T P ML

FINAL DATA
WagiFrOAs REMAINING ML
DIFFERENCE IN WATER LEVELS MM
EQUIVALENT DIFFERENCE IN LEVELS OF MM OF MERCURY MM
TEMPERATURE Oc

BAROMETER READING MM
WATER VAPOR PRESSURE MM
VOLUME OF GAS REMAINING AT S.T P ML
VOLUME OF DRY 0 REMOVED ML
PERCENTAGE OF 02 IN SAMPLE OF AIR TAKEN
ACCEPTED PERCENTAGE OF 02 IN AIR
PERCENTAGE ERROR

WHEN THE WHITE SMOKE HAS DISAPPEARED, REMOVE THE COPPER WIRE,
MEASURE THE DIFFERENCE IN LEVELS, AND READ THE VOLUME or THE GAS
REMAINING. RECORD THE TEMPERATURE OF THE WATER AND THE BAROMETER
READING. COMPUTE THE VOLUME OF DRY GAS REMAINING AT B.T.P.

PROCEDURE: PYROGALLIC ACID METHOD
EXACTLY 50 ML OF AIR WILL BE TAKEN AS THE SAMPLE IN THIS METHOD.

THAT VOLUME or SODIUM HYDROXIDE SOLUTION WILL BE USED WHICH IS JUST
EQUAL TO THE VOLUME BETWEEN THE 50ML MARK ON THE EUDIONETER TUBE
AND THE BOTTOM OF THE RUBBER STOPPER WHICH IS USED TO CLOSE IT.
THIS VOLUME IS EASILY DETERMINED AS FOLLOWS; (1) FILL THE TUBE
WITH WATER TO THE 50ML MARK. (2) INSERT THE RUBBER STOPPER. (3)

INVERT THE TUBE AND READ FROM THE GRADUATIONS THE VOLUME OF AIR
WHICH WAS BETWEEN THE 50ML MARK AND THE STOPPER BEFORE THE TUBE
WAS INVERTED. THIS IS THE VOLUME OF SODIUM HYDROXIDE SOLUTION TO
USE WITH THE TUBE. (4) EMPTY THE WATER OUT OF THE TUBE.

ADD 0.5 G OF PYROGALLIC ACID POWDER TO THE TUBE. ACCURATELY
MEASURE IN A GRADUATED CYLINDER THE REQUIRED VOLUME OF SODIUM HY
DROXI1E SOLUTIONAND POUR IT INTO THE TUBE. QUICKLY CLOSE THE TUBE
WITH THE RUBBER STOPPER. INVERT THE TUBE A FEW TIMES TO MIX THE CON
TENTS. PLACE THE STOPPERED END OF THE TUBE UNDER WATER IN A BATTERY
JAR AND THEN REMOVE THE STOPPER. NOTE HOW THE WATER IS FORCED IN
TO REPLACE THE OXYGEN. ALLOW THE TUBE TO COOL FOR A FEW MINUTES.
NOW RAISE OR LOWER THE TUBE SO THAT THE LEVEL OF WATER IN THE TUBE
IS THE SAME AS THAT IN THE BATTERY JAR. READ THE VOLUME OF GAS
REMAINING IN THE TUBE. IT IS NOT NECESSARY TO CORRECT THE GAS TO
S.T.P. IN THIS METHOD BECAUSE THE OPERATIONS ARE ALL DONE WITHIN
A FEW MINUTES. THE VOLUME OF GAS REMAINING, SUBTRACTED FROM THE MO
INAL VOLUME OF AIR, 50 MI., GIVES THE VOLUME OF OXYGEN. THE VOLUME OF
OXYGEN DIVIDED BY THE VOLUME OF THE SAMPLE TAKEN AND MULTIPLIED BY
100 % WILL GIVE THE PERCENTAGE OF OXYGEN IN AIR. REPEAT THE EXPERI
RENT SEVERAL TIMES UNTIL CONSISTENT RESULTS ARE OBTAINED.
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DATA TABLE

1 2 3
VOLUME Of GAS REMAINING******

VOLUME OF OXYGEN REMOVED

PERCENTAGE OF OXYGEN

ACCEPTED PERCENTAGE OF OXYGEN IN AIR

PERCENTAGE ERROR .0.

23
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ECOLOGY
LEVEL: HIGH SCHOOL

ACTIVITY: NOISE ACTIVITY

MATERIALS:
OSCILLOSCOPE
DECIBELMETER (AVAILABLE FROM CITY

OFFICES)
STETHOSCOPE
SPHYGMOMANOMETER
AUDIOMETER

0

SMALL 34 INCH SPEAKER
34 SOUND TAPES (VARIOUS SOUNDS

SUCH AS AIRPLANES, HIWAY
TRAFFIC, JACK HAMMERS, CITY
NOISES)

36,4 TAPE RECORDERS

PROCEDURES:
A. SET UP OSCILLOSCOPE WITH THE SMALL SPEAKER CONNECTED TO SHOW

VERTICAL INTERFERENCE.
8. TALK INTO THE SPEAKER WHILE OUTLINING DIRECTION OF ACTIVITY.
C. USE DECIBELMETER TO SHOW THE VARIOUS READINGS.

O. CHECK HEART BEAT AND BLOOD PRESSURE OF SOME STUDENTS NOW TO

SHOW THE NORMAL. RECORD.
E. TURN ON AT FULL VOLUME THE SOUND RECORDINGS AND HAVE STUDENTS

TRY TO READ SOME PREPARED INFORMATION RELATING TO SOUND. WHILE

THIS IS BEING DONE CHECK THE BLOOD PRESSURE AND HEART BEAT
LEVELS AGAIN.

QUESTIONS:
1. HOW DOES NOISE DIFFER FROM SOUND AS SEEN ON THE OSCILLOSCOPE?

2. WHAT DIFFERENCES DID YOU DISCOVER ON BLOOD PRESSURE AND HEART
BEAT BEFORE AND DURING THE DEMONSTRATION?

3. WHAT EFFECTS MIGHT THIS HAVE IF YOU WERE SUBJECTED TO LONG PERIODS
OF INTENSE NOISE ON YOUR MENTAL WELL BEING?

4. WHAT CAREERS WOULD YOU EXPECT WOULD ENCOUNTER LOUD DISTURBING

NOISES?
5. THERE ARE SEVERAL CAREERS DEVOTED TO WORKING WITH DAMPENING

NOISES OR PRODUCING PLEASING SOUNDS. CAN YOU THINK OF SOME?

6. HOW DO CONTINOUS NOISES EFFECT YOUR WORK EFFICIENCY?

7. WHAT LONG TERM EFFECTS WILL CONTINUOUS LOUD SOUNDS HAVE ON YOUR

HEARING?

ADDITIONAL ACT!VITIES
1. VISIT VARIOUS INDUSTRIAL SITES AND RECORD NOISE LEVELS WITH A

DECIBELMETER.
2. TAKE A TOUR OF YOUR SCHOOL ?MD IDENTIFY AREAS OF NOISE DISTUR

BANCES.

3. INVITE YOUR LOCAL POLICE CHIEF TO SPEAK ON NOISE ORDINANCES AS

PROPOSED BY YOUR COMMUNITY.
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ECOLOGY
LEVEL: HIGH SCHOOL

ACTIVITY: CONSTRUCTION OF AN ELECTROSTATIC PRECIPITATOR

0

INTRODUCTION:
SMOKE, THE RESULT OF INCOMPLETE COMBUSTION AND THE MOST OBVIOUS

OF THE ATMOSPHERIC POLLUTANTS, IS A COLLOIDAL DISPERSION OF A SOLID
IN A GAS. WHAT IS THE COLLOIDAL STATE? IMAGINE THE REPEATED SUBDI

VISION OF A SOLID IMMERSED IN A LIQUID TO FORM THE SMALLEST POSSIBLE
VISIBLE PARTICLES. DEPENDING ON THE RELATIVE DENSITY OF THE SOLID
AND THE LIQUID, THE SUBDIVIDED PART1CLU EITHER FLOAT TO THE SURFACE
OF THE LIQUID OR SINK TO THE BOTTOM. IN EITHER CASE, THEY CAN EASILY
BE SEPARATED OUT OF THE LIQUID BY FILTRATION.

IMAGINE FURTHER SUBDIVISION OF THESE PARTICLES INTO INDIVIDUAL
ATOMS AND MOLECULES. AT THIS POINT, TOrITWO PHASES SOLID AND LIQUID
ARE NU LONGER DISTINGUISHABLE; INSTEAD, THERE EXISTS A TRUE SOLUTION.
No MATTER HOW LONG A TRUE SOLUTION STANDS, THE DISPERSED PARTICLES
DO NOT THEMSELVES SEPARATE OUT, NOR CAN THEY BE SEPARATED OUT eV
FILTRATION.

BETWEEN THE EXTREMES OF A COARSE SUSPENSION AND A TRUE SOLUTION
IS A RANGE OF PARTICLE SIZES SO SMALL THAT THEY DO NOT FORM AN OBVI
OUSLY SEPARATE PHASE, YET NOT 30 SMALL THAT THEY ARE IN TRUE SOLUTION.

THIS IS THE COLLOIDAL STATE.
THE OIVIDING LINES BETWEEN COLLOIDS AND SOLUTIONS AND BETWEEN

COLLOIDS ANO CLEARLY SEPARATE PHASES ARE NOT SHARP, SINCE A CONTINU
OUS RANGE OF PARTICLE SIZES IS POSSIBLE, A DISPERSION IS C4LLED A

COLPID, HOWEVER, WHEN THE PARTICLE SIZES RANGE BETWEEN 1O CM AND

10"CM.
COLLOIDAL PARTICLES, INVISIBLE UNOER A MICROSCOPE, USUALLY DO NOT

SEPARATE OUT AT ANY APPRECIABLE RATE. THE REASON 13 THAT TWO OPPOSING

FORCES ARE ALWAYS PRESENT IN A COLLOIDAL DISPERSION: GRAVITY, WHICH

TENDS TO PULL THE PARTICLES DOWN; ANO BROWNIAN MOTION, THE CONSTANT
RANDOM COLLISIONS OF THE PARTICLES WITH MOLECULES OF THE MEDIUM IN

WHICH THE PARTICLES ARE DISPERSED. THUS SMOKE PARTICLES IN AIR MAY

TENO TO SETTLE OUT UNDER THE INFULENCE OF GRAVITY; BUT BECAUSE OF

THE NUMEROUS "OETOURS" THAT THEY MAKE AS A RESULT OF BROWNIAN MOTION,
THEIR RATE OF SETTLING MAY BE SO SLOW AS TO BE UNNOTICEABLE.

MOST COLLOIOAL PARTICLES ARE ELECTRICALLY CHARGED. THERE IS

DISAGREEMENT CONCERNING THE SOURCE OF THE CHARGE. On FACTOR

PROBABLY INVOLVED IS SURFACE AREA. REPEATED SUBDIVISION OF A SOLID

CAN INCREASE ITS ORIGINAL SURFACE AREA MANY FACTORS OF 10.

WHY?
CALCULATE THE SURFACE AREA OF A CUBE 1 CM ON EACH SIDE. NEXT

CALCULATE THE AMOUNT OF SURFACE AREA FORMED WHEN THE SAME CUBE IS

SUBDIVIDED INTO CUBES THAT ARE 10'5 CM ON EACH SIDE.

HOW 00 THE TOTAL SURFACE AREAS COMPARE?
THE LARGER THE SURFACE AREA FOR A GIVEN VOLUME, THE MORE ATOMS

ON THE SURFACE, RELATIVE TO THE NUMBER OF ATOMS IN THE INTERIOR.
INTERIOR ATOMS CAN FORM BONDS WITH OTHER ATOMS IN THREE DIMENSIONS.

SURFACE ATOMS, HOWEVER, CANNOT. AS A RESULT, THE VALENCE, OR EOM

BINING POWER, OF SURFACE ATOMS USUALLY IS NOT SATISFIED, AND THEY

CAN ATTRACT ELECTRICAL CHARGES.
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THESE CHARGES MAY RESULT FROM FRICTION, AS IS PROBABLY THE CASE
WITH WATER DROPLETS IN THE ATMOSPHERE, OR FROM THE ADSORPTION OF IONS.
BUT WHATEVER THE SOURCE, ALL THE PARTICLES OF A GIVEN COLLOID HAVE

ACHARGE OF THE SAME SIGN.
WHAT HAPPENS WHEN PARTICLES HAVING THE SAME CHARGE AR! NEAR ONE

ANOTHER?

HOW WOULO THIS PHENOMENON AFFECT A COLLOID?

'SMOKE, AS A COLLOIDAL'SUSPENSION OF SOLIDS IN A GAS, EXHIBITS THE
PROPERTIES FOUND IN MOST COLLOIDSINCLUDING CHARGE. A SIMPLE, BUT
INGENIOUS DEVICE THAT TAKES ADVANTAGE OF THIS FACT IS THE ELECTROSTATIC
PRECIPITATOR, WHICH IS WIDELY USED IN INDUSTRY TO FREE GASES OF DUST,

SMOKE, AND LIQUID DROPLETS. WHILE IT IS NOT ALWAYS ECONOMICAL TO
INSTALL THEM, PRECIPITATORS CAN IN SOME INSTANCES RECOVER VALUABLE
MATERIALS THAT OTHERWISE' WOULD BE LOST THROUGH STACKS.

HERE 13 HOW THE ELECTROSTATIC PRECIPITATOR WORKS: AIR AND GASES
CONTAINING DUST OR SMOKE PARTICLES ARE CHANNELED BETWEEN WIRE ELECTRODES
AND PLATES CARRYING OPPOSITE CHARGES. IN PASSING, THE COLLOIDAL PAR

TICLES RECEIVE A CHARGE FROM THE ELECTRODES. THEY ARE THEN ATTRACTED

TO THE PLATES.

ELECTROSTATIC PRECIPITATOR

...-

CARDBOARD TOOTHPICK

TUBE -->Lo.

ALUMINUM :;jfit

FOIL

I I

TOOTHPICK

MODEL T FORD
INDUCTION
COIL

KNIFE SWITCH

6-VOLT
BATTERY

MATERIALS NEEDED
CARDBOARD TUBE, ABOUT li IN. DIAMETER, STRIP OF ALUMINUM FOIL, 4 IN.

1 FT. LONG (TUBE In KITCHEN TOWELING X 6 IN.

OR WAX PAPER, OR MAILING TUBE) TWO TOOTHPICKS

WIRE (SUCH AB BELL WIRE) 6 FT. LONG MODEL T FORD INDUCTION C041.

VOLT BATTERY (OR FOUR 1.5VOLT DRY KNIFE SWITCH

CELLS)
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PROCEDURE:

I.

ABOUT 1i IN. FROM ONE END OF THE CARDBOARD TUBE, CUT A HOLE

1 IN. IN DIAMETER. BEGINNING 1i IN. FROM THE OTHER END OF THE TUBE,

WRAP THE STRIP OF ALUMINUM FOIL, ARRANGING THE 6IN. DIMENSION LENGTH
WISE WITH THE TUBE. TAPE THE FOIL IN PLACE AT THE POINT OF OVERLAP.

THRUST THE TOOTHPICKS THROUGH THE TUeEp PLACING ONE JUST BELOW

AND THE OTHER JUST ABOVE THE STRIP OF FOIL. CUT TWO 2FT0 PIECES OF

THE BELL WIRE. INSIDE THE TUBE, HOOK ONE PIECE ON THE TOOTHPICK

NEAR THE LOWER END OF THE ALUMINUM FOIL, AND LOOP IT TWICE AROUND

THE UPPER TOOTHPICK. THE WIRE SHOULD EXTEND UP THE MIDDLE OF THE TUBE,

AWAY FROM THE SIDES. CONNECT THE FREE END OF THE WIRE TO ONE HIGH

VOLTAGE TERMINAL OF THE INDUCTION COIL.
STRIP ABOUT 4 IN. OF INSULATION FROM ONE END OF THE SECOND PIECE

OF WIRE. WRAP THE BARE WIRE AROUND THE ALUMINUM FOIL AT MIDPOINT,

TWISTING It TO HOLD IT IN PLACE. CONNECT THE FREE END OF THIS WIRE

TO THE OTHER HIGHVOLTAGE TERMINAL OF THE INDUCTION COIL.

COLLECTION OF DATA:
STAND THE TUBE ON END, ALUMINUM FOIL UP. HOLD AN INCENSE STICK

OR OTHER SMOKE SOURCE IN THE HOLE IN THE TUBE. OBSERVE THE SMOKE

COMING FROM THE UPPER END OF THE TUBE.

CONNECT THE COIL TO THE KNIFE SWITCH AND THE BATTERY.

WHAT HAPPENS WHEN THE KNIFE SWITCH IS CLOSED? WHY? WHEN IT IS

OPEN? WHY?

QUESTIONS:

1. BESIDES THOSE IN INDUSTRY, WHAT APPLICATIONS FOR THE ELECTROSTATIC
PRECIPITATOR CAN YOU SUGGEST?

2. ASSUME THAT YOU WANT TO REMOVt PARTICLES LARGER THAN COLLOIDAL
SIZE FROM GASES OR AIR. IN WHAT WAYS MIGHT YOU ACCOMPLISH SUCH

REMOVAL?

A? 7



BIOLOGY - GENETICS

BIOLOGIST
LIFE SCIENTIST
PHYSICIAN
REGISTERED NURSE
TECHNICAL WRITER
AGRIBUSINESS TECHNICIAN
DAIRY PRODUCTION TECHNICIAN

FARMER
FISH CULTURE TECHNICIAN
LAB ANIMAL CARE TECHNICIAN

28
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CHEMIST
OCCUPATIONAL THERAPIST.

PRACTICAL NURSE
TEACHER SECONDARY - COLLEGE

VETERINARIAN
AGRICULTURAL EXTENSION. WORKER
FARM CROP PRODUCTION TECHNICIAN

FISH & WILDLIFE TECHNICIAN
FORESTER

LIVESTOCK PRODUCTION TECHNICIAN



GENETICS

LEVEL: JR. HIGH OR HIGH SCHOOL

ACTIVITY: DON'T CROWD ME, BABY (A POPULATION GENETICS ACTIVITY)

HAVE YOU EVER BEEN ASKED, "WOULD YOU RATHER BE PAID A MILLION
DOLLARS A DAY, OR A PENNY THE FIRST DAY AND THEN DOUBLE THE AMOUNT
EACH SUCCEEDING DAY?" SINCE THE LENGTH OF TIME IS IMPORTANT,
LETtS IMAGINE THAT THIS WOULD HAPPEN FOR 33 DAYS.

1. WHICH WOULD YOU TAKE?

LET'S SEE WHICH WAY WOULD MAKE YOU RICHER.

2. IF YOU TAKE A MILLION DOLLARS A DAY, HOW MUCH WOULD YOU HAVE
AT THE END OF 33 DAYS?

3. IF YOU TAKE A PENNY THE FIRST DAY AND DOUBLE THE AMOUNT EACH
SUCCEEDING DAY FOR 33 DAYS, HOW MUCH WOULD YOU HAVE? USE

TABLE 1 FOR YOUR CALCULATIONS AND ANSWER.

A PENNY IS VERY LITTLE'COMPARED TO A MILLION DOLLARS. BUT IF YOU

STARTED WITH A PENNY AND DOUBLED IT EACH DAY, YOU COULD HAVE OVER
A MILLION DOLLARS IN A VERY SHORT TIME. THAT'S A LOT OF MONEY!

A PENNY CAN GROW SO FAST BECAUSE NUMBERS INCREASE RAPIDLY WHEN
YOU DOUBLE THEM. JUST LOOK AT YOUR NUMBERS IN TABLE 1.

IN THE TIME IT HAS TAKEN YOU TO READ THIS SENTENCE (FIVE SECONDS),
ABOUT 165 MORE PEOPLE HAVE BEEN ADDED TO THE WORLD'S POPULATION. BY

THE TIME YOU FINISH WORKING ON THIS INVESTIGATION, ABOUT 10,500 MORE
PEOPLE WILL HAVE BEEN ADDED.

IF YOUR DATA FROM TABLE 1 ARE PLOTTED ON A GRAPH, IT WILL LOOK

LIKE GRAPH 1 ON THE FOLLOWING PAGE.

THE INCREASE IN THE WORLD'S POPULATION CAN BE COMPARED WITH
THE INCREASE OF THE PENNY. COMPARE GRAPH 2 WITH GRAPH 1.

WHAT HAPPENS WHEN A POPULATION BECOMES TOO CROWDED?

THE WORLD POPULATION NOW STANDS AT MORE THAN 3:5 BILLION PERSONS,
AN ALL -TIME RECORD. IF THE PRESENT UPWARD TREND CONTINUES, THIS
NUMBER WILL ALMOST DOUBLE BY THE YEAR 2000.

SCIENTISTS HAVE PREDICTED THAT WIDESPREAD HUNGER WILL STRIKE
US WITHIN THE NEXT 20 YEARS. SHOULD WE DO ANYTHING ABOUT IT?

29
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SOME SAY WE SHOULD NOT CONTROL THE POPULATION GROWTH BECAUSE:

A. A SUFFICIENT NUMBER OF PEOPLE ARE NECESSARY TO SUPPORT A NATIONAL
ECONOMY.

B. IT IS A MAN'S RIGHT TO HAVE AND TO SUPPORT CHILDREN.

C. POPULATION CONTROL IS A FORM OF GENOCIDE ( THE DEOBEPATE DE...
STRUCTION OF A GROUP OF PEOPLE).

D. THE FOOD SUPPLY CAN KEEP UP WITH THE GROWTH IN POPULATION.

OTHERS SAY WE SHOULD CONTROL THE GROWTH OF POPULATION BECAUSE:

A. THE GROWTH OF POPULATION WILL BECOME GREATER THAN THE AVAILABLE
FOOD SUPPLY IN ABOUT 15 YEARS.

B. IT IS BETTER TO IMPROVE THE QUALITY OF PEOPLE THAN THE QUANTITY
OF PEOPLE.

C. DEVELOPMENTS IN TECHNOLOGY WILL NOT KEEP UP WITH THE GROWTH IN
POPULATION.

D. OVERCROWDING LEADS TO A BREAKDOWN OF MAN'S ENVIRONMENT.

WHAT DO YOU THINK?

CONCEPT SUMMARY. (WHAT GENERAL CONCEPT HAVE YOU LEARNED FROM THIS
INVESTIGATION?)
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GENETICS
LEVEL: HIGH SCHOOL

ACTIVITY: LOOKING FOR MUTATIONS IN FRUITFLIES

PROBLEM: THE BEST INTRODUCTION TO THE STUDY OF MUTATIONS IS THE

BREEDING OF THE FRUITFLY, DROSOPHILA MELANOGASTER.

MATERIALS:
12 1/2 -PINT MILK BOTTLES -USE 10 FOR CULTURE BOTTLES,'1 FOR AN ETHER

IZER, AND 1 FOR A MORGUE,

CAMEL -HAIR PAINT BRUSH NO. 1 -FOR HANDLING THE FLIES.

COTTON AND CHEESECLOTH -FOR MAKING PLUGS.

CORK STOPPER -ABOUT NO. 28, TO FIT ETHERIZER.

YEAST -1 PKG. DRY YEAST TO 25 CC WATER.

CULTURE MEDIUM -SEE RECIPE BELOW.

TWO STRAINS OF DROSOPHILA -ONE WILD -TYPE AND ONE °DUMPY WING."

PROCEDURE:
MAKING THE EQUIPMENT: CUT 5 x 5 INCH SQUARE FROM THE CHEESECLOTH

AND FILL WITH ENOUGH COTTON TO MAKE A PLUG THAT FITS THE MILK BOTTLES.

PLUG SHOULD FIT JUST TIGHT ENOUGH SO THAT IT WON'T FALL OUT. GLUE

SOME COTTON TO THE BOTTOM OF THE LARGE CORK STOPPER AND FIT INTO

MILK BOTTLE; THIS IS THE ETHERIZER. THE MORGUE IS SIMPLY A BOTTLE

WITH SOME DENATURED OR METHYL ALCOHOL IN IT TO KILL THE UNWANTED

FLIES.

HANDLING THE FLIES: TAP THE CULTURE BOTTLE SHARPLY ON THE TABLE,

REMOVE PLUG, AND PLACE THE MOUTH OF THE ETHERIZER OVER CULTURE BOTTLE.
TAP GENTLY UNTIL ALL THE FLIES ARE IN THE ETHERIZER. PUT TWO DROPS

OF ETHER ON THE ETHERIZER COVER; REMOVE ETHERIZER BOTTLE FROM
CULTURE BOTTLE, REPLACING COTTON PLUG IN CULTURE BOTTLE AND ETHERIZER

COVER ON BOTTLE WITH THE FLIES. THIS TAKES A LITTLE PRACTICE.

ALWAYS REMOVE FLIES FROM ETHERIZER AS SOON AS THEY ARE QUIET!
IF THE FLIES ARE OVER - ETHERIZED THEY BECOME STERILE OR DIE. IF THE

WINGS STICK STRAIGHT UP, THE FLIES ARE DEAD.

POUR THE FLIES ONTO A 3 x 5 WHITE CARD AND, USING THE FINE
PAINT BRUSH, SEPARATE THE FLIES INTO MALE AND FEMALE.

To KEEP THE STOCK CULTURE GOING PUT ABOUT 5 MALES AND 5 FEMALES
INTO A CULTUrE BOTTLE WITH FRESH MEDIUM TO WHICH YEAST HAS BEEN
ADDED -ADULT FLIES EAT THE YEAST. BE SURE NOT TO DROP THE FLIES ON

THE FOOD; ALWAYS PLACE THEM ON THE PAPER -TOWEL STRIP.

KEEP CULTURES AT 70° TO 77°F., BEING CAREFUL NEVER TO EXPOSE

THE BOTTLES TO DIRECT SUNLIGHT. CULTURES MAY BE KEPT IN THE DARK.
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THE LARVAE APPEAR IN 4=7 DAYS AND THE PUPAE WILL APPEAR 1 -3
DAYS AFTER THAT, DEPENDING UPON THE TEMPERATURE. TOO HIGH TEMPERATURE
WILL CAUSE STERILITY:

MATING THE FLIES. ALL GENETICS EXPERIMENTS DEPEND UPON STARTING

WITH VIRGIN FEMALES. VIRGIN FLIES ARE OBTAINED BY REMOVING ALL THE

FLIES FROM A CULTURE THAT HAS MANY FLIES EMERGING. AFTER 10 HOURS,

NEW FLIES COLLECTED WILL BE VIRGINS. DO NOT USE FLIES WHICH HAVE
NOT COMPLETELY EXPANDEO THEIR WINGS AND ARE STILL WHITE; THEY BECOME

STERILE IF ETHERIZED.

SELECT A WILDTYPE (+) VIRGIN FEMALE AND PLACE IN A CULTUE BOTTLE
WITH TWO DUMPY-WINGED (DP) MALES. (MAKE UF TWO BOTTLES OF THIRS CROSS.)

NEXT, SELECT A DUMPY-WINGED (DP) FEMALE AND PUT IN A CULTURE BOTTLE
WITH TWO WILD-TYPE (+) MALES. (AGAIN, MAKE A DUPLICATE.) AFTER

3 DAYS REMOVE THESE FLIES.

THE OFFSPRING FROM THE ABOVE CROSS ARE THE F1 GENERATION.
Fi FEMALE IS CROSSED WITH F1 MALE TO PRODUCE THE F2 GENERATION. IN

AODITION, BACK CROSSES ARE MADE: F1 MALE X DP FEMALE AND F1 FEMALE

X DP MALE. RECORD THE RESULTS. WHAT KIND OF MUTATION IS OUMPY?

OTHER EXPERIMENTS: TRY SUCH MUTANTS AS WHITE EYE (W), BAR EYE

(B), AND MINIATURE (M).

INDUCED LETHAL MUTATIONS: ASK A DOCTOR OR OENTIST FRIEND TO

EXPOSE SOME (+) MALES TO VARYING DOSAGES OF X RAYS. THE TEST IS

MADE WITH MULLER5 FLIES. THIS HAS TWO MARER GENES ON IT: APRICOT

EYE (WA) AND BAR EYE (B). CROSS THE IRRAOIATED MALES WITH MULLER**

5 FEMALES. CROSS THE Fl FEMALES WITH WILD-TYPE MALES. THE F2

WILL LOOK LIKE THIS: BAR EYE FEMALES; WILD-TYPE FEMALES; APRICOT AND
BAR MALES -THE WILD -TYPE MALES WILL BC MISSING IF A LETHAL WAS PRESENT
ON THE X CHROMOSOME. IF THE MALES ARE PRESENT LOOK CAREFULLY FOR
VISIBLE MUTATIONS, FOR EXAMPLE WHITE EYE.

AN EXCELLENT SOURCE BOOK: GENETICS NOTES. JAMES F. CROW,
BURGESS PUB. CO.

CULTURE MEDIUM RECIPE
CORN MEAL 30 GMS DEXTROSE SYRUP 60 ML

ROLLED OATS (SLOW COOKING) 8 GMS AGAR 8 GMS

METHYL P- HYDROXYBENZOATE 3.5 ML WATER 500 ML
PROPIONIC ACID 1.5 ML

BOIL ROLLED OATS, SYRUP, AND AGAR IN 350 ML WATER. MIX THE REST OF

THE WATER WITH THE CORN MEAL AND ADD TO THE'MIXTLRE WHEN IT STARTS TO
BOIL. STIR CONTINUOUSLY WHILE COOKING FOR 15 MINUTES* ALLOW TO

COOL FOR 5 MIN. AND ADD THE PROPIONIC ACID AND THE BENZOATE* POUR

A LAYER ABOUT 3/11 OF AN INCH DEEP INTO THE CULTURE BOTTLES, USING
A FUNNEL SO THAT MEDIUM IS KEPT OFFTHE S3DCS OF'THE BOTTLE. PLUG
BOTTLES AND ALLOW TO COOL. WHEN COOL, INSERT 1X8 INCH STRIPS OF
PAPER TOWELING.

OR ORDER FORMULA 4...24 INSTANT DROSOPHILA MEDIUM FROM CAROLINA
BIOLOGICAL SUPPLY.
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GENETICS

LEVEL: HIGH SCHOOL

ACTIVITY: INHERITANCE OF CHARACTERISTICS.

HUMANS HAVE TWO MAIN TYPES OF ATTACHMENT OF THE EAR TO THE FACE,
ONE TYPE WILL HAVE THE LOBE ATTACHED AND ONE WILL HAVE THE LOBE FREE.
CHECK YOUR CLASSMATES' TYPES OF EARS UNTIL YOU CAN EASILY DISTINGUISH
ONE TYPE FROM THE OTHER.

1. WHICH EAR TYPE IS MORE PREVALENT IN YOUR CLASS?
THIS WILL VARY WITH EACH CLASS.) HAVE EACH MEMBER OF YOUR CLASS

CHECK FIVE PEOPLE AT RANDOM) TRYING TO PICK DIFFERENT PEOPLE
FROM THOSE PICKED BY ANOTHER CLASSMATE. YOU MIGHT DO THIS BY

SURVEYING OTHER CLASSROOMS.

2. WHICH TYPE IS MORE PREVALENT IN YOUR SAMPLING?

(ANSWERS WILL VARY) FILL IN THE PEDIGREE CHART BELOW WITH INFOR+

NATION FROM YOUR OWN FAMILY. USE THE LETTER F FOR FREETYPE EARS,

AND THE LETTER A FOR ATTACHED -TYPE EARS.

DO YOU THINK THIS CHARACTERISTIC IS INHERITED?
THIS WILL DEPEND UPON CHART FINDINGS.) EXPLAIN

(THE ANSWER WILL BE BASED UPON THE PEDIGREE CHART.

GRANDPARENTS

HEREDITY CHART

GRANDPARENTS

AUNTS OR UNCLES FATHER

CMALE

MOTHER AUNTS OR UNCLES

YOU, BROTHERS AND SISTERS

FEMALE TRACE OVER SQUARE OR CIRCLE TO DESIGNATE
SEX OF RELATIVE.
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GENETICS
LEVEL: HIGH SCHOOL

ACTIVITY: NATURAL SELECTION STUDY

FIND TWO SHADELOVING PLANTS, SUCH AS IVY, AND TWO SUNLOVING
PLANTS, SUCH AS GERANIUMS. PUT EACH OF THE FOUR PLANTS IN A SEPARATE
POT AND RAISE THEM IN THEIR USUAL ENVIRONMENT UNTIL THEY ARE GROWING
WELL. PLACE ONE OF EACH TYPE OF PLANT IN A PLACE WHERE THEY WILL
GET DIRECT SUNLIGHT MOST OF THE DAYS AND PLACE THE OTHER TWO IN
DARK OR DIM LIGHT. OBSERVE FOR A WEEK OR TWO. WHAT DID YOU 06
SERVE?

EXPLAIN IN TERMS or THE SURVIVAL OF THE FITTEST.
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GENETICS
LEVEL: HIGH SCHOOL

ACTIVITY: MUTATIONS IN PLANTS

PROBLEM:
ONE OF THE THEORIES THAT EXPLAINS WHY PLANTS AND ANIMALS NAVE

CHANGED IS BASED ON MUTATIONS THAT MAY SUDDENLY APPEAR IN ONE
GENERATION. WHAT IS ONE POSSIBLE CAUSE OF MUTATIONS IN PLANTS?

MATERIALS:
SEEDS OF FASTGROWING PLANTS, SUCH AS RADISH OR CLOVER;
FLOWER POTS HAND LENS
MARKING PENCILS SMALL BRUSH
RUBBER GLOVES W.YCERIN

ALCOHOL COLCHICINE POWDER
CAUTION: COLCHICINE IS POISONOUS. IT MAY CAUSE SKIN IRRITATION IF
HANDLED WITHOUT RUBBER GLOVES, AND IT IS VERY DAMAGING TO THE EYES.

PROCEDURE:
GERMINATE SEVERAL SEEDS IN TWO FLOWER POTS. WHEN THE SEEDLINGS

ARE ABOUT ONE INCH IN HEIGHT, PAINT THE STEMS AND LEAVES OF THE
SEEDLINGS IN ONE POT WITH A SOLUTION OF 1 GRAM OF COLCHICINE IN 50
MILLILITERS OF GLYCERIN, 25 MILLILITERS OF ALCOHOLS AND 25 MILLI
LITERS OF WATER. MARK THIS FLOWER POT AS EXPERIMENTAL AND MARK
THE FLOWER POT WITH THE UNTREATED PLANTS AS CONTROL. WATER BOTH
POTS REGULARLY AND ALLOW THE PLANTS TO GROW AND DEVELOP FLOWERS.
EXAMINE THE PLANTS CAREFULLY WITH THE HAND MAGNIFIER AND NOTE ANY
SIGNIFICANT DIFFERENCES.

OBSERVATIONS:
FILL IN THE RESULTS OF YOUR OBSERVATIONS IN THE TABLE BELOW, AND
WRITE YOUR CONCLUSION.

MUTATIONS PRODUCED IN PLANTS
..11111I

CHARACTERISTICS CONTROL PLANT EXPERIMENTAL PLANT MUTATIONS

IN THE

LEAVES

STEMS

FLOWERS

APPLICATION:
SINCE CHEMICAL SUBSTANCES SEEM ABLE TO CAUSE MUTATIONS, AS

SHOWN IN OUR EXPERIMENTS WHAT MIGHT BE SOME CHANGES PRODUCED IN THE
OFFSPRING OF HUMANS IF THE MOTHER USES CERTAIN HARMFUL DRUGS WHILE
THE CHILD IS DEVELOPING?
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MICROBIOLOGY
LEVEL: JUNIOR H:GH

ACTIVITY: CAN You MAKE "LIFE "?

MATERIALS (PER TEAM):
WATER SOURCE (NONCHLORINATE0 WATER PREFERREO) (IF CHLORINATED

PLACE IN OPEN CONTAINER ANO LET IT SIT SEVERAL OAYS BEFORE MO)
CLEAN JAR (PINT SIZE)
()IMO GRASS OR HAY
MICROSCOPE
MEOICINE OROPPER
MICROSCOPE SLIOES
COVER CLASSES

PROCEOURES:
A. WASH ANO THOROUGHLY RINSE THE JAR.

B. FILL THE JAR WITH CLEAN WATER TO WITHIN AN INCH OF THE TOP.

Co CAREFULLY REMOVE ANY INSECTS OR OTHER VISIBLE FORMS OF LIFE
FROM A SMALL HANOFUL OF ORIE0 GRASS.

O. PLACE THE ORIEO GRASS IN THE JAR OF WATER AND COVER WITH
A LOOSE FITTING Top,

E. PLACE THE JAR IN A PLACE WHERE IT WILL NOT BE DISTURBED FOR

4 OR 5 OAYS.

F. HOLO THE JAR CONTAINING WATER ANO GRASS UP TO THE LIGHT.

WHAT DO YOU SEE?

G. WITH THE MEOICINE OROPPER, TAKE A DROP OF WATER FROM NEAR

THE TOPS AT THE EnnE OF THE JAR. PLACE THE OROP OF WATER ON

A MICROSCOPE SLIOE AND COVER WITH A COVER GLASS. EXAMINE

UNDER THE MICROSCOPES BEGINNINGS WITH THE LOW-POWER OBJECTIVE.
MAKE A RECORO IN YOUR NOTEBOOK OF WHAT YOU SEE.

H. EXAMINE WATER FROM OTHER AREAS IN THE JAR.

I. REPEAT PROCEOURES G ANO H AT THE BEGINNING OF EACH CLASS
PERIOD FOR 2 OR 3 OAYS AFTER IT HAS SET THAT LONG.

INTERPRETATIONS:
1. COMPARE YOUR OBSERVATIONS WITH OTHERS. PREPARE A LIST OF

QUESTIONS THESE OBSERVATIONS MAY SUGGEST ABOUT WHAT IS
HAPPENING IN THE GRASS WATER MIXTURE.

2. IF YOU SAW OBJECTS MOVING ON YOUR SLIOE. WHERE 00 YOU THINK

THEY CAME FROM CONSIOERING WHAT WAS PUT IN THE JAR TO START

WITH?
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QUESTIONS FOR DISCUSSION AFTER INVESTIGATION

1. WHERE DID MOVING OBJECTS COME FROM?

2. ARE THE OBJECTS ALIVE?

3. How DO YOU DEFINE LIFE?

4. IF ALIVE, WHAT DO THEY NEED TO LIVE?

5. WHAT DETERMINES THEIR INDIVIDUAL CHARACTERISTICS?

6. WHAT DETERMINES HOW MANY OF EACH KIND WILL GROW THERE?

7. How DO THEY REPRODUCE?

8. How DOES THE ENVIRONMENT AFFECT THE ORGANISMS AND HOW DOES

THE ORGANISMS AFFECT THEIR ENVIRONMENT?

IF TIME ALLOWS STUDENTS TO FURTHER TEST WHERE THEY CAME FROM

EXAMPLES MIGHT BE:

1. TIGHTEN LIDS ON JARS.

2. BOIL WATER FIRST.

3, TRY DIFFERENT KINDS OF GRASS.
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MICROBIOLOGY
LEVEL: JUNIOR HIGH

ACTIVITY: WHAT CAUSES THINGS TO DECAY?

MATERIALS: SAND

VIALS
STICKS

DEAD ANIMAL PARTS
DEAD PLANT PARTS
MASKING TAPE

PROCEDURE:

TAKE ENOUGH SAND TO FILL A VIAL ABOUT 3/4 FULL. POUR IT OUT
ON A PAPER TOWEL. MOISTEN THE SAND. (DO NOT USE TOO MUCH WATER
& MAKE IT MUDDY) REPLACE THE SAND IN THE VIAL, WEDGE THE MOIST
SAND AWAY FROM A SMALL AREA OF THE VIAL WITH A WOODEN STICK.
PLACE A DEAD INSECT, PIECE OF MEAT, OR ANY PIECE OF AN ANIMAL IN
THIS CAVITY. GENTLY PUSH THE SAND AGAINST THE DEAD ORGANISM TO HOLD
IT IN PLACE AGAINST THE VIAL WALL SO IT CAN 3E SEEN FROM THE OUTSIDE.
ON THE OTHER SIDE OF THE VIAL DO THE SAME THING BUT THIS TIME PLACE
IN A PLANT PART, SEED OR BERRY. FINALLY THE VIAL SHOULD BE TIGHTLY
CAPPED. HAVE EACH GROUP MARK THEIR VIAL WITH MASKING TAPE. HAVE

SOME STUDENTS PREPARE A VIAL BUT DO NOT MOISTNE THE SAND WHICH CAN
ACT AS AlCONTROL FOR MOISTURE. HAVE STUDENTS RECORD OBSERVATIONS
FOR THE NEXT 3 OR 4 WEEKS. CAUTION STUDENTS NOT TO DIRECTLY INHALE
FROM THE VIALS.

INTERPRETATIONS:
1. HAVE THERE BEEN ANY CHANGES IN THE ORGANISMS?

COULD YOU SAY THAT ANY ORGANISM DISAPPEARED?
IF so, WHERE DO YOU THINK THEY WENT?

2. WHAT CHANGES IN THE APPEARANCE OF THE WATER HAS OCCURRED?

THE SAND?
WHAT MIGHT HAVE CAUSED THE CHANGES?

PROCEDURES:
ALLOW STUDENTS AFTER 6 OR 7 WEEKS TO OPEN THE VIALS AND EXAMINE

THE CONTENTS. AFTER EXAMINING THEM LET THEM USE MICROSCOPES AND
81-SCOPES TO VIEW THE CONTENTS.

INTERPRETATIONS:
3. HAVE YOU NOTICED AN ODOR? WHERE DID THE

ODOR COMC FROM?
IDENTIFY THE NEW ORGAINISMS YOU FOUND IN THE VIAL.

WHERE DID THEY COME FROM?

OTHER POSSIBLE ACTIVITIES:
1. STUDY MOLD AND SEE WHERE IT GROWS BEST, IN LIGHT OR DARK PLACES.
2. TRY THE TESTS IN PLACES OF DIFFERENT TEMPERATURES TO SEE WHAT

EFFECT IT HAS ON DECOMPOSITION.
3. USE THE LIQUID AS A FERTILIZER AND SEE HOW IT CHANGES ANOTHER

PLANTS GROWTH.

4. HOW DOES HUMIDITY EFFECT THE RATE OF DECAY IN AN AREA.
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MICROBIOLOGY
LEVEL: JUNIOR HIGH

ACTIVITY: INVESTIGATION OF PLANT & ANIMAL CELLS

MATERIALS: MICROSCOPE SLIDE

COVER GLASS SCISSORS

NEWSPAPER TOOTH PICK (FLAT TYPE)

IODINE STAIN PIECE OF ONION

PROCEDURES: PART 1 STUDY OF ONION SKIN CELLS

CUT AN ONION LENGTHWISE. REMOVE A THICK SCALE AND PEEL THE

SKIN FROM THE INNER SURFACE. CUT A SQUARE (1/4") SECTION OF SKIN
AND MOUNT IT ON A SLIDE IN A DROP OF WATER. ADD A COVER GLASS.
EXAMINE THE LIVING CELLS UNDER LOW POWER AND HIGH POWER. (A) WHAT

COLOR IS THE LIVING PROTOPLASM? (B) Do YOU FIND

ANY MOTION IN THE CELL?

RAISE ONE SIDE OF THE COVER GLASS AND ADD A DROP OF IODINE STAIN.
THIS WILL KILL THE CELLS, BUT WILL ENABLE YOU TO SEE THEIR PARTS

MORE CLEARLY. EXAMINE THE STAINED SECTION UNDER LOW POWER. NOTE

ESPECIALLY THE CELL WALLS. AND THE NUCLEI. THESE NUCLEI APPEAR AS

YELLOWISH, SPHERICAL BODIES. (C) ARE THE CELLS IDENTICAL IN SHAPE?

(D) ARE THEY SIMILAR IN GENERAL FORM?
(E) ARE THE NUCLEI ALWAYS IN THE SAME POSITION IN THE CELL?
IN THE SPACE BELOW, DRAW A SMALL GROUP OF CELLS, MAKING EACH CELL
ABOUT AN INCH LONG. SHOW THE CELL WALL AND NUCLEUS OF EACH CELL AND

LABEL: CELL WALL; NUCLEUS.

SELECT ONE CELL WHICH SHOWS THE CONTENTS CLEARLY. MOVE IT TO

THE CENTER OF THE MICROSCOPE FIELD. USING HIGH POWER, EXAMINE ALL

PARTS OF THE CELL. As YOU STUDY THE CELL, SHIFT THE FOCUS WITH THE

FINE ADJUSTMENT AND NOTE THAT THE CELL HAS THICKNESS AS WELL AS

LENGTH AND WIDTH. You SHOULD SEE THE GENERAL CYTOPLASM FILLING

MOST OF THE CELL AND ITS OUTER EDGE, THE PLASMA MEMBRANE. THE

CAVITIES IN THE GENERAL CYTOPLASM ARE VACUOLES, EACH BOUNDED BY A

VACUOLAR MEMBRANE OF THE GENERAL CYTOPLASM. THE DROPLETS IN THE

GENERAL CYTOPLASM ARE OIL DROPLETS. DRAW A SINGLE CELL FROM THE

HIGH POWER FIELD, MAKING IT ABOUT TWO INCHES LONG. INCLUDE THE

NUCLEUS. LABEL: PLASMA MEMBRANE; GENERAL CYTOPLASM; VACUOLAR

MEMBRANE; VACUOLE; OIL DROPLET; NUCLEUS.

SINGLE ONION CELL NUCLEUS OF ONION CELL
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IN THE SPACE TO THE RIGHT OF THIS CELL, (ON PREVIOUS PAGE) SHOW
THE NUCLEUS ENLARGED TO ABOUT THE SIZE OF A QUARTER. SHOW THE NUCLEAR
MEMBRANE, DENSE NUCLEOPLASM, AND NUCLEOLUS (THERE MAY BE SEVERAL
NUCLEOLI). LABEL: NUCLEAR MEMBRANE; NUCLEOPLASM; NUCLEOLUS

PART 2 HUMAN CHEEK,..CELLS

SCRAPE THE INSIDE OF YOUR CHEEK WITH A CLEAN TOOTHPICK. SMEAR
THE MATERIAL ON A SLIDE. ADD A DROP OF IODINE STAIN AND A COVER
GLASS. EXAMINE UNDER LOW POWER, NOTING THE MASSES OF CELLS AND INDI-
VIDUAL CELLS. FIND THE OUTER EDGE OF THE GENERAL CYTOPLASM WHICH
IS HARDENED TO FORM THE PLASMA MEMBRANE. STUDY SEVERAL DIFFERENT
CELLS UNDER HIGH POWER. (F) DO THEY SEEM TO HAVE A DEFINITE SHAPE?

(G) Do THEY APPEAR TO HAVE A CELL WALL?
(H) IS A CENTRAL VACUOLE PRESENT?

DRAW SEVERAL CELLS IN A MASS UNDER LOW POWER AND A SINGLE CELL
UNDER HIGH POWER IN THE SPACES BELOW. IN THE DRAWING FROM HIGH POWER)
LABEL: PLASMA MEMBRANE; GENERAL CYTOPLASM; NUCLEUS.

HUMAN CHEEK (L.P.) HUMAN CHEEK (H.P.)

44



MICROBIOLOGY
LEVEL: HIGH SCHOOL

ACTIVITY: LET'S BRUSH THOSE TEETH (AN EXPERIMENT CONCERNING BACTERIA,
PROTOZOA AND FUNGI OF THE MOUTH.)

MATERIALS:
CLEAN SLIDES AND COVER GLASSES TOOTH PICKS
BUNSEN BURNER METHYLENE BLUE STAIN
MICROSCOPE SHOULD BE EQUIPPED WITH SUBSTAGE CONDENSER, IRIS DIAPHRAGM,
10X, OBJECTIVE AND A HIGH DRY OBJECTIVE OF AT LEAST 40X.

FOR OBSERVATION OF DETAIL IN THE LARGER BACTERIA AND RESOLVING
THE SMALLER BACTERIA, AN OIL IMMERSION OBJECTIVE IS NECESSARY.

PROCEDURE:
OBTAINING THE SPECIMEN

PLACE A SMALL DROP OF SALIVA FROM THE MOUTH OR A DROP OF OIS
TILLED OR TAP WATER ON A MICROSCOPE SLIDE. WITH A TOOTHPICK,
REMOVE SOME OF THE TARTAR WHICH MAY BE PRESENT AT THE BASE OF THE
TEETH ALONG THE GUM LINE. INTROD9CE THE PICK INTO THE DROP ON THE
SLIDE, MIX THOROUGHLY AND ALLOW TO DRY.

FIXATION
EACH PREPARATION IS QUICKLY PASSED TWO OR THREE TIMES, THROUGH

THE FLAME OF A BUNSEN BURNER. THIS PROCEDURE "FIXES" THE BACTERIA
TO THE SLIDE AND THUS PREVENTS REMOVAL DURING THE STAINING PROCESS.

STAINING
BACTERIA STAIN BEST WITH BASIC DYES, (I.E. COMPOUNDS OF COLOR

BASES). ONE OF THE BEST DYES FOR STAINING BACTERIA IS METHYLENE

BLUE. LOEFFLERtS METHYLENE BLUE CONTAINING ETHYL ALCOHOL AND

POTASSIUM HYDROXIDE IS MOST COMMONLY USED.
PLACE A FEW DROPS OF THE METHYLENE BLUE ON EACH PREPARED SLIDE

AND LEAVE FOR APPROXIMATELY 45 MINUTES. RINSE THE SLIDES BRIEFLY
IN COOL RUNNING TAP WATER FROM THE FAUCET OR DIP INTO A CONTAINER OF
WATER SEVERAL TIMES TO REMOVE THE EXCESS DYE. DRAIN THE WATER FROM

THE SLIDE AND ALLOW TO COMPLETELY DRY. IF IN A HURRY, THE SLIDES
CAN BE BLOTTED DRY WITH FACIAL TISSUE, BEING CAREFUL NOT TO RUB OFF

THE PREPARATION.

MOUNTING
THE BACTERIOLOGIST IN EXAMINING PREPARATIONS OF BACTERIA USUALLY

USES THE OIL IMMERSION OBJECTIVE WHICH DOES NOT REQUIRE THE USE OF

A COVER GLASS. HOWEVER, FOR USE WITH A HIGH DRY OBJECTIVE SUCH
AS THE 43X, A COVER GLASS IS NECESSARY. FOR TEMPORARY MOUNTS, A

DROP OF IMMERSION OIL CAN BE PLACED ON THE PREPARATION AND COVERED

WITH A COVER GLASS. FOR PERMANENT PREPARATIONS, XYLOLBALSAM OR
ONE OF THE SYNTHETIC MOUNTING MEDIA CAN BE USED.
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REMARKS:
BACILLUS FORMS

BY THEIR ACTION ON
ACIDS. NEGLECT OF

AND PYORRHEA. THE
VINCENT'S ANGINA.
TRENCH MOUTH SINCE
WORLD WAR 1.

(LACTOBACILLI) CONTRIBUTE TO DECAY OF THE TEETH
CARBOHYDRATE FOODS, ESPECIALLY SUGAR, TO PRODUCE
DECAY MAY LEAD TO ABSCESSED TEETH, GINGIVITIS
FUSIFORM BACILLUS AND SPIROCHETE ARE FOUND IN
THIS ULCERATIVE INFLAMMATION IS SOMETIMES TERMED
THERE WIRE SO MANY INFECTIONS OF SOLDIERS DURING

THE PROTOZOA, TRICHOMONAS TENAX 612 MICRONS IN LENGTH, IS PRE
SENT IN CASES OF DENTAL CARIES. ACCORDING TO ZINSSER MICROBIOLOGY,
"TRANSMISSION OF THIS ORGANISM, NO DOUBT, USUALLY OCCURS DURING
KISSING BUT CONTAMINATED DISHES, GLASSES AND THE LIKE MAY BE INVOLVED
ESPECIALLY DURING MEALS WHEN THOSE BEING USED BY AN OLDER PERSON CON
TAM AS WELL THE FOOD BEING GIVEN TO AN INFANT." IT IS PROBABLY

TRUE THAT MANY TYPES OF BACTERIA ARE TRANSMITTED FROM ONE PERSON
TO ANOTHER IN A SIMILAR MANNER.

IN THE CASE OF AN UNDETERMINED TYPE OF INFECTION OR FOR CON
FIRMATION, YOUR DENTIST OR ORAL SURGEON MAY SEND A SPECIMEN TO THE

MEDICAL LABORATORY.

THE BACTERIOLOGIST VERY OFTEN STAINS THE SPECIMEN WITH METHYLENE
BLUE EXACTLY AS DESCRIBED IN THIS UPERIMENT. IN ADDITION, HE MAY

USE GRAM STAIN NAMED AFTER A DANISH BACTERIOLOGIST. GRAM FOUND THAT

IF A PREPARATION WAS TREATED WITH A SOLUTION OF IODINE AFTER BEING
STAINED WITH THE BASIC DYE, CRYSTAL. VIOLET, MANY KINDS OF BACTERIA
WOULD RETAIN THE VIOLET STAIN EVEN AFTER BEING TREATED WITH ALCOHOL.
THE GROUP OF BACTERIA WHICH REMAIN PURPLE ARE KNOWN AS GRAMPOSITIVE.
THOSE WHICH ARE DECOLORIZED ARE TERMED GRAMNEGATIVE. IN ORDER THAT

THEY CAN BE SEEN AFTER DECOLORIZATION, THEY ARE COUNTERSTAINED WITH
THE RED BASIC DYE, SAFRANIN. THE LACTOBACILLUS IS,AN EXAMPLE OF
A GRAMPOSITIVE BACTERIA; THE FUSIFORM BACILLUS OF A GRAMNEGATIVE.
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MICROBIOLOGY
LEVEL: HIGH SCHOOL

ACTIVITY: THE PREPARATION AND MICROSCOPIC OBSERVATION OF STAINED
MICROORGANISMS

PROCEDURE:
GENERAL PREPARATION OF SMEAR
A. CLEAN SLIDES BY APPLYING BONAMI TO THE WET SLIDES. LET THEM

AIR DRY AND CLEAN WITH A DRY CLOTH. HOLD THE SLIDE BY GRASPING

THE EDGES.

B. WITH A WAX PENCIL DRAW A CIRCLE ABOUT THE SIZE OF A NICKEL ON
THE SLIDE. TURN THE SLIDE OVER NOW IT IS EASY TO FIND THE

SMEAR WHILE STAINING.

C. STERILIZE A WIRE LOOP BY HEATING TO REDNESS AN A BUNSEN FLAME.

LET THE LOOP AIRCOOL.

0, WITH A STERILIZED NEEDLE TRANSFER SOME OF THE CULTURE TO A DROP

OF WATER ON THE SLIDE. MIX THE TWO TOGETHER. IF A BROTH IS

USED TRANSFER A LOOPFUL OF SUSPENSION TO THE SLIDE.

E. NEXT LET THE FILM AIRDRY. THE SLIDE SHOULD NOT BE HEATED TO

SPEED UP DRYING.

F. AFTER AIR DRIEDHEATFIX BY PASSING SLIDE FILMSIDE UP QUICKLY
THROUGH THE FLAME.

G. LET THE SLIDE AIR COOL.

GRAMSTAIN PROCEDURE
A, FLOOD THE SLIDE WITH GRAM'S CRYSTAL VIOLET. ALLOW TO STAIN 1 MIN.

B. WASH GENTLY WITH TAP WATER.
C. FLOOD THE SLIDE WITH GRAM'S IODINE. ALLOW TO ACT 1 MINUTE.

D. WASH GENTLY WITH TAP WATER.
E, RINSE SMEAR WITH GRAM'S ALCOHOL UNTIL DECOLORIZED (30 SECONDS)

F. WASH GENTLY WITH TAP WATER.
G. COUNTERSTAIN WITH GRAM'S SAFRANIN. ALLOW STAIN TO ACT 20 SECONDS.

H. WASH GENTLY WITH TAP WATER AND BLOT DRY.

INTERPRETATIONS:
THE PRIMARY STAIN IS CRYSTAL VIOLET. THIS IS FOLLOWED BY AN

IODINE SOLUTION THAT BEHAVES AS A MORDANT AND HELPS FIX THE PRIMARY

DYE TO GRAMPOSITIVE ORGANISMS. THE SMEAR IS THEN DECOLORIZED,

USUALLY WITH ALCOHOL, AND COUNTERSTAINED WITH A CONTRASTING DYE

SUCH AS SAFRANIN. ORGANISMS THAT RETAIN THE PURPLE PRIMARY STAIN

ARE DESIGNATED GRAMPOSITIVE; GRAMNEGATIVE CELLS LOSE THE PRIMARY

STAIN WHEN OECOLORIZED WITH ALCOHOL AND STAIN WITH THE RELATIVELY

WEAK SECONDARY PINK DYE, SAFRANIN.
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MICROBIOLOGY

LEVEL: HIGH SCHOOL

ACTIVITY: DEMONSTRATION OF AN ARTIFICIAL EPIDEMIC

SOME DISEASES ARE TRANSMITTED FROM MAN BY DIRECT CONTACT WITH

SOME CONTAMINATED OBJECT (FOMITE). By STUDYING THE INCIDENCE AND

DISTRIBUTION OF A DISEASE, VERY OFTEN THE FOCI OF INFECTION CAN BE

FOUND.

PURPOSE:
TO ILLUSTRATE ONE METHOD OF DISEASE TRANSMISSION.

MATERIALS;
WRAPPED CANDY KISSES
STERILE SALINE
10 ML STERILE PIPETTES
TRYPTICASE SOY AGAR OR NUTRIENT AGAR

24 HOUR BROTH CULTURE OF
SERRATIA MARCESCENS

1 ML STERILE PIPETTES
STERILE PETRE PLATES

PROCEDURE:
1. BEFORE PROCEEDING, PLAN THE ORDER OF HANDSHAKES FOR THE WHOLE

TABLE. EACH STUDENT WILL BE FURNISHED WITH A WRAPPED PIECE OF

STICKY SUGAR CANDY. ONE OF THE PIECES AT EACH TABLE WILL HAVE

BEEN CONTAMINATED WITH A CULTURE OF SERRATIA MARCESCENS. 00

NOT UNWRAP THE CANDY UNTIL YOU ARE READY TO BEGIN THIS EXPERIMENT.

A. WASH YOUR HANDS WITH SOAP AND WATER AND DRY WITH A CLEAN

PAPER TOWEL.

B. HOLD THE UNWRAPPED PIECE OF CANDY IN YOUR RIGHT HAND FOR

TWO MINUTES.
C. SHAKE HANDS WITH ANY TWO PERSONS AT YOUR TABLE. KEEP A RECORD

IN THE FORM OF A MAP OF THE TABLE AND SHOW BY MEANS OF NUM-
BERED ARROWS WITH WHOM EACH PERSON SHOOK HANDS AND THE
CHRONOLOGICAL ORDER OF EACH HANDSHAKE. (THERE WILL BE 16

HANDSHAKES NUMBERED CONSECUTIVELY 1 TO 16.)

D. IMMEDIATELY AFTER SHAKING HANDS WITH TWO PERSONS PLATE THE
BACTERIA PRESENT ON YOUR HAND IN THE FOLLOWING MANNER;

1. PLACE 5 ML STERILE SALINE IN A STERILE PETRI DISH.

2. TAKE A STERILE SWAB, MOISTEN IT IN THE STERILE SALINE
IN THE PETRI DISH AND SWAB THE PALM OF THE RIGHT HAND,
ENDEAVORING TO REMOVE AS MANY OF THE BACTERIA AS POSSIBLE
INTO THE SALINE IN THE PETRI DISH.

3. PLATE 1 AND 0.1 ML SAMPLE OF THE SALINE WASH.
INCUBATE AT 320 FOR 48 HOURS.

E. INDICATE ON THE MAP OF THE DESK, THE NUMBER OF SERRATIA
MARCESCENS CULTURED FROM EACH INDIVIDUAL. TRACE THE COURSE
-----Tr-OF THE EPIDEMIC0 AT YOUR TABLE AND SHOW WHICH PIECE OF

CANDY WAS CONTAMINATED.

QUESTIONS:

1. LIST FOUR OTHER METHODS WHEREBY DISEASES ARE TRANSMITTED

TO MAN.
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MICROBIOLOGY
LEVEL: HIGH SCHOOL

ACTIVITY: ISOLATING AND TESTING ANTIBIOTIC PRODUCERS

DISCOVERING NEW ANTIBIOTICS AND TESTING THEM GIVES US AN OPPORTUNITY

TO LEARN NEW SCIENCE TECHNIQUES.

PROBLEM:
TRYING TO ISOLATE ANTIBIOTIC PRODUCERS FROM SOIL OFFERS A CHANCE

TO LEARN SOME THEORETICAL BIOLOGY, GAIN TECHNICAL SKILLS OF WIDE

APPLICATION, AND DISCOVER SOME NEW ANTIBIOTIC. ANY SOIL SAMPLE WILL

CONTAIN BOTH BACTERIA AND FUNGI THAT PRODUCE SOME TYPE OF ANTIBIOTIC

SUB3TANCE. THE PROBLEM IS TO ISOLATE THE BEST PRODUCERS, AND TO GET

PURE CULTURES OF THESE ORGANISMS. THIS DEMANDS THE DEVELOPMENT OF

CERTAIN TECHNIQUES: WORKING UNDER STERILE CONDITIONS, MAKING THE

PROPER SELECTIVE MEDIUM FOR ISOLATING AND GROWING THE ORGANISM or

INTEREST.

MATERIALS:
PRESSURE COOKER
PIPETTES - -5 ML

NUTRIENT AGARGET THE READY -MADE KIND
FROM A SUPPLY HOUSE.

TEST ORGANISM01.06ACILLUSSUBTILIS..
FROM A SUPPLY HOUSE.

PETRI PLATES
BACTERIOLOGICAL LOOPS..

NICHROME WIRE IN A THIN,

LONG METAL HANDLE.

PROCEDURE:
THE FOUNDATION OF ALL BACTERIOLOGICAL WORK IS STERILE TECHNIQUE.

GLASSWARE AND INSTRUMENTS, WATER AND NUTRIENT, MUST BE FREE OF BAC-

TERIA AS WELL AS CHEMICALLY PURE. CONTAMINATION -- BACTERIAL OR CHEM-

ICAL- ..LEADS TO FAULTY DATA AND FAILURE.

THERE ARE TWO MAJOR WAYS OF STERILIZING: DRY HEAT AND AUTO

CLAVING. GLASSWARE PIPETTES AND PETRI PLATES ARE STERILIZED BY

DRY HEAT. WRAP THE PLATES (5 AT A TIME, WITH THEIR COVERS ON) IN

BROWN WRAPPING PAPER AND HEAT IN A 320°F OVEN FOR 3 -1 HOURS.

LIQUIDS -- WATER, NUTRIENT MEDIA, ETC.- -ARE STERILIZED BY STEAMING IN

A PRESSURE COOKER FOR 15 MINUTES AT 15 POUNDS PRESSURE. THE MATERIAL

SHOULD BE IN TEST TUBES OR FLASKS, PLUGGED WITH NONABSORBENT COTTON.

THE NUTRIENT AGAR MEDIA RECOMMENDED FOR THE ISOLATION OF FUNGI

ARE: MYCOLOGICAL AGAR, CZAPEK SOLUTION AGAR, CORNMEAL AGAR, OR

PRUNE AGAR. TO RESTRICT FUNGI AND ALLOW UNRESTRICTED BACTERIAL

GROWTH USE BACTO -W.L. DIFFERENTIAL MEDIUM (B 425).

MAKE UP THE AGAR AS DIRECTED ON THE PACKAGE. THE AGAR MUST BE

MELTED BUT NOT TOO HOT WHEN YOU START THE EXPERIMENT.

ADD STERILE WATER TO THE VARIOUS SOIL SAMPLES AND SHAKE THOROUGHLY.
LET THE MATERIAL SETTLE BRIEFLY AND POUR OFF THE WATER INTO A STERILE

TEST TUBE. THIS IS THE CONCENTRATED SOLUTION OF BACTERIAL AND FUNGAL

SPORES. THE SUCCESS OF THE EXPERIMENT DEPENDS ON GETTING THE RIGHT

DILUTION OF THIS CONCENTRATE.
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MAKE SERIAL DILUTIONS OF 1/10, 1/100, 1/1,000, 1/10,000, 1/100,000,

1/1,000,000. THIS IS DONE BY STERILIZING 6 GOTT/APLUGGED TEST
TUBES CONTAINING 9 ML WATER EACH. USING STERILE PIPETTES, MEASURE
1 ML OF THE CONCENTRATE INTO TEST TUBE # 1. THIS MAKES THE 1/10

DILUTION. TAKE 1 ML OF THIS DILUTION AND PIPETTE IT INTO TEST TUBE
# 2. THIS IS 1/2C0 DILUTION.PIPETTE 1 ML OF THIS DILUTION INTO THE
NEXT TEST TUBE AND CONTINUE IN THIS WAY UNTIL ALL THE DILUTIONS
HAVE BEEN MADE.

IN ORDER TO AVOID CONTAMINATION, AND TO KEEP THE DILUTIONS AS
ACCURATE AS POSSIBLE, IT IS WISE TO USE A CLEAN, STERILE PIPETTE

FOR EACH STEP.

PIPETTE 1 ML OF EACH DILUTION INTO SEPARATE PETRI PLATES OPENING
THE COVER JUST ENOUGH TO ALLOW THE INSERTION OF THE PIPETTE. TAKING

THE SAME CARE TO KEEP THE PLATES COVERED, POUR ENOUGH MELTED NUTRIENT
AGAR INTO THE PLATES TO COVER THE BOTTOM TO A DEPTH OF ABOUT 1/4"

AND WITH THE COVER REPLACED, SWIRL THE PLATE SO THAT THE DILUTION

MIXTURE AND THE AGAR BECOME THOROUGHLY MIXED. SET ASIDE TO COOL

AND HARDEN. POUR SEVERAL PLATES WITH NUTRIENT AGAR ONLY AND PUT

ASIDE FOR LATER USE. ALLOW THE SEEDED PLATES TO INCUBATE, UPSIDE

DOWN, IN A WARM PLACE FOR 24 HOURS.

SELECT A PLATE WITH WELL SEPARATED COLONIES* MAKE A HEAVY SUS

PENSION OF THE TEST ORGANISM, BACILLUS SUDTILIS, IN STERILE WATER
AND.PIPETTE 1 ML ONTO THE SURFACE OF THE SELECTED PLATE. MAKE SURE

THE SUSPENSION IS EVENLY DISTRIBUTED. SET THE MATE ASIDE TO IN
CUBATE FOR 24 HOURS. A CLEAR RING AROUND A COLONY AFTER INCUBATION

INDICATES THAT THERE IS ANTIBIOTIC ACTIVITY.

FLAME THE LOOP OVER A BUNSEN BURNER OR ALCOHOL LAMP UNTIL RED

HOT. LET COOL AND THEN PICK UP SOME OF THE COLONY AND STREAK ON

A STERILE AGAR PLATE. INCUBATE FOR 2l..36 HOURS. WHEN GOOD GROWTH

IS ATTAINED, STREAK SEVERAL TEST ORGANISMS AT RIGHT ANGLES TO THE

GROWTH STREAK.
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BIOLOGY - ZOOLOGY

INVERTEBRATE:

BUILDING CUSTODIAN
FISH CULTURE TECHNICIAN
FORESTERY PRODUCTION TECHNICIAN
ORCHARD TECHNICIAN

PARKS LANG MANAGEMENT TECHNICIAN
F000 PROCESSING TECHNICIAN
BIOLOGIST
HOME ECONOMIST
LIFE SCIENTIST
PHYSICIAN
REGISTERED NURSE
ELEMENTARY TEACHER
TECHNICAL WRITER
AGRIBUSINESS TECHNICIAN
FARM CROP PRODUCTION TECHNICIAN

X -RAY TECHNICIAN

FISH CULTURE TECHNICIAN
LAB ANIMAL CARE TECHNICIAN
RANGE MANAGEMENT
BIOCHEMISTRY
CHEMIST
OCEANOGRAPHER
RECREATION LEADER
REGISTERED NURSE
TEACHER SECONDARYCOLLEGE
VETERINARIAN
SHOE REPAIRMAN

AGRICULTURE EXTENSION WORK
FARMER

q9

FISH & WILDLIFE TECHNICIAN
FORESTER
LAB ANIMAL CARE TECHNICIAN

HORTICULTURIST
RANGE MANAGEMENT
BIOCHEMISTRY
CHEMIST
LANDSCAPE ARCHITECT
OCEANOGRAPHER

PRACTICAL NURSE
SOCIAL WORKER
TEACHER SECONDARY - COLLEGE
VETERINARIAN
DAIRY PRODUCTION TECHNICIAN
FARMER

VERTEBRATES:
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FISH & WILDLIFE TECHNICIAN
FORESTER
LIVESTOCK PRODUCTION TECHNICIAN
FOOD PROCESSING TECHNICIAN
BIOLOGIST
HOME ECONOMIST
PHYSICIAN
PRACTICAL NURSE
ELEMENTARY TEACHER
TECHNICAL WRITER
MEAT CUTTER
AGRIBUSINESS TECHNICIAN
FARM CROP PRODUCTION TECHNICIAN



d

d

ii

i



ZOOLOGY: INVERTEBRATE

LEVEL: JUNIOR HIGH

ACTIVITY: STUDYING INSECTS AND THEIR BEHAVIOR

MATERIALS: INSECT (MEAL WORM BEATLES ARE GOOD)
MAGNIFYING GLASS
METRIC RULER
CLOCK

HEAT SOURCE
LIGHT SOURCE

PROCEDURES:

A. DETERMINE THE APPEARANCE OF YOUR INSECT AND ANSWER THE

FOLLOWING:

1. SIZE LENGTH

WIDTH

2. COLOR

CM

CM

3. BODY SHAPE (ROUND, FLAT OR ?)

4. NUMBER OF LEGS

5. NUMBER OF ANTENNAE

6. SPECIAL CHARACTERISTICS

B. DRAW A SKETCH OF YOUR INSECT

C. DESCRIBE WHAT YOUR INSECT DOES IN 3 MIN. PERIOD.

D. USE YOUR IMAGINATION AND INITIATIVE TO PUT YOUR INSECT IN
A NOVEL SITUATION AND CHECK ITS RESPONSE NEAR A STRONG LIGHT,
HEAT, DARKNESS, LOUD NOISES, PRODDING OR? AVOID HARMING

YOUR INSECT.

TEST YOU MADE

E. IS THIS INSECT OR COULD IT BE A PEST?

How COULD IT BE CONTROLLED?

WHAT DOES :T EAT?

INSECTS RESPONSE

WHAT OCCUPATIONS MIGHT BE CONCERNED IF THERE WERE MANY OF

YOUR INSECTS?
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ZOOLOGY
LEVEL: HIGH SCHOOL

ACTIVITY: THE LIVING INVERTEBRATE HEART

PURPOSE:
THE PURPOSE OF THIS EXERCISE IS TO OBSERVE THE BEATING INVERTE

BUTE HEART AND THROUGH YOUR OWN OBSERVATIONS AND EXPERIMENTS TO
OETERMINE ITS RATE AND THE EFFECTS OF CHANGES IN THE ENVIRONMENT
AND THE EFFECTS OF DRUGS ON THE RATE OF HEARTBEAT.

MATERIALS (PARTS A, 8, ANO c):
A SMALL BEAKER OF PONO WATER CONTAINING

DAPHNIA
SLOE AND COVER GLASS
SOME BRISTLES OR PIECES OF BROKEN COVER

GLASS TO SUPPORT THE COVER GLASS ANO
PREVENT DAPHNIA FROM BEING CRUSHED
(CAUTION: IF YOU USE PIECES OF GLASS,
HANDLE THEM WITH A PAIR OF FORCEPS,
NOT WITH FINGERS)

SIMILAR BEAKER CONTAINING WARM WATER
(36°C)

WATCH WITH A SWEEP SECOND HAND
STEREOSCOPIC DISSECTING MICROSCOPE
CHLORPROMAZINE SOLUTION
GRAPH PAPER

WIOEMOUTHEO MEOICINEDROPPER
PIPETTE (FOR "FISHING OUT"
A SINGLE DAPHNIA)

THERMOMETER
LARGE BEAKER OF ICE, WATER,

AND SALT INTO WHICH THE
SMALL BEAKER CONTAINING
DAPHNIA WILL FIT IN ORDER
TO LOWER ITS TEMPERATURE

SMALL DISHES INTO WHICH TO
TRANSFER THE COOLED
OR WARMED DAPHNIA

DEXEORINE SULFATE SOLUTION
5% ALCOHOL

PROCEDURE:
WORK IN TEAMS OF TWO STUDENTS, FOLLOWING THE SPECAL INSTRUCTIONS

BELOW.

PART A THE HEARTBEAT AT ROOM TEMPERATURE
STUOENT A: TAKE THE TEMPERATURE OF THE WATER IN THE CONTAINER OF

DAPHNIA ANO RECORO IT IN YOUR NOTEBOOK.

STUDENT B; PLACE ONE OF THE DAPHNIA ON A SLIDE IN A OROP OF WATER.
PLACE THREE OR FOUR PIECES OF BROKEN COVER GLASS OR
BRISTLE IN ThE DROP AND COVER WITH A COVER GLASS.
PLACE THE SLIDE UNDER THE MICROSCOPE AND BRING THE
HEART INTO FOCUS.

STUDENT A: LOOK THROUGH THE MICROSCOPE AT THE BEATING HEART AND
GET READY TO COUNT HEARTBEATS.

STUOENT B: LOOK AT THE WATCH (WITH SWEEP SECOND HAND) ANO, WHEN
READY, SAY, "Go."

STUOENT A: BEGIN TO COUNT THE HEARTBEATS USING THE METHOO OUT
LINED FOR YOU BY YOUR TEACHER.

STUOENT B: AT THE END OF 15 SECONDS, SAY, "STOP."
STUOENT A: COUNT THE DOTS ON YOUR PIECE OF PAPER ANO GIVE THE COUNT

TO YOUR TEAMMATE.
STUDENT B: MULTIPLY THE COUNT BY 4 (15 SECONDS X 4 = 1 MINUTE)

AND RECORD THE CALCULATION.
REPEAT THIS PROCEDURE AT LEAST THREE TIMES. CALCULATE THE

HEARTBEATS PER MINUTE AND TAKE THE AVERAGE OF YOUR THREE TRIALS.

RECORD THIS AVERAGE COUNT IN YOUR NOTEBOOK.

54



a/

PART B THE HEARTBEAT AT OTHER TEMPERATURES
RAISE OR LOWLi: THE TEMPERATURE OF THE WATER IN THE BEAKER CON

TAINING DAPHNIA BY PLACING THE SMALL BEAKERS CONTAINING DAPHNIA IN
EITHER THE LARGER BEAKER OF WARM WATER OR IN THE BEAKER CONTAINING
ICE, WATER, AND SALT.

PLACE THE BULB OF THE THERMOMETER IN THE SMALL BEAKER OF DAPHNIA
AND VERY GENTLY (SO AS NOT TO HARM THE DAPHNIA) ROCK THE SMALL
BEAKER TO MAKE THE TEMPERATURE OF THE WATER THE SAME THROUGHOUT
THE BEAKER WATCH THE THERMOMETER UNTIL THE DESIRED TEMPERATURE
iS REACHED YOUR PARTICULAR TEMPERATURE WILL BE ASSIGNED TO YOU
AS FOLLOWS.

Two TEAMS DETERMINE THE RATE OF HEARTBEAT AT 300 BELOW ROOM
TEMPERATURE BY TRANSFERRING THE DAPHNIA AND SOME OF THE COOLED WATER
TO A PREVIOUSLY COOLED DISH AND OBSERVING THE DAPHNIA UNDER THE
DISSECTING MICROSCOPE. BE SURE TO MAKE THE OBSERVATIONS BEFORE
THE TEMPERATURE RISES.

Two TEAMS DETERMINE THE RATE OF HEARTBEAT AT 250 BELOW ROOM
TEMPERATURE.

TWO TEAMS DETERMINE THE RATE OF HEARTBEAT AT 200BELOW ROOM
TEMPERATURE.

TWO TEAMS DETERMINE THE RATE OF HEARTBEAT AT 150 BELOW ROOM
TEMPERATURE.

TWO TEAMS DETERMINE THE RATE OF HEARTBEAT AT 100 BELOW ROOM
TEMPERATURE.

TWO TEAMS DETERMINE THE RATE OF HEARTBEAT AT 50 BELOW ROOM
TEMPERATURE.

Two TEAMS DETERMINE THE RATE OF HEARTBEAT AT 360C.
EACH TEAM IS TO ENTER ITS FINDINGS IN A TABLE ON THE BLACK

BOARD PATTERNED AFTER THE ONE FOLLOWING.

TEMPERATURE AVERAGE HEARTBEATS I IN/TIALS1
PER MINUTE I OF TEAM

MEMBERS

WHEN ALL THE DATA ARE COMPLETE, COPY THEM FROM THE BLACKBOARD
INTO YOUR OWN DATA BOOK.

USING GRAPH PAPER MAKE A GRAPH OF THE DATA, PLOTTING RATE OF
HEARTBEAT ALONG THE HORIZONTAL AXIS AGAINST TEMPERATURE ALONG THE

VERTICAL AXIS. DID ALL MEMBERS OF THE CLASS RECORD A SIMILAR RATE
OF HEARTBEAT AT ROOM TEMPERATURE? (1) AT LOWER TEMPERATURES? (2)
AT HIGHER TEMPERATURES? (3) HOW DO YOU ACCOUNT FOR THIS? (4)

FROM YOUR GRAPH, WHAT EFFECT DOES LOWER TEMPERATURE HAVE ON
HEARTBEAT? (5) IS THERE AN EQUAL DIFFERENCE BETWEEN EACH 50 DROP
IN TEMPERATURE, OR IS THERE A TEMPERATURE AT WHICH THE DROP IS MORE
PRONOUNCED? (6) WHAT EFFECT DID HIGHER TEMPERATURE HAVE ON THE

HEARTBEAT? (7)

PART C THE HEARTBEAT AND CHEMICAL COMPOUNDS
THERE ARE A NUMBER OF SUBSTANCES KNOWN AS TRANQUILIZERS, WHICH

ARE BELIEVED TO QUIET THE NERVES ONE OF THESE IS CHLORPROMAZINE.
OTHER SUBSTANCES KNOWN AS STIMULANTS HAVE AN OPPOSITE EFFECT. DEX
EDRINE SULFATE /S ONE OF THESE. HERE ARE SOME INVESTIGATIONS YOU
CAN MAKE. ADD TO SEPARATE MOUNTS OF DAPHNIA, CHLORPROMAZINE SOLUTION
AND DEXEDRINE SULFATE SOLUTION, INSTEAD OF WATER.
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41.

WHAT IS THE EFFECT OF CHLORPROMAZINE ON THE HEART RATE OF
DAPHNIA? (8) DO ALL TRANQUILIZERS HAVE THE SAME EFFECT? (9)
WHAT IS THE EFFECT OF DEXEDRINE SULFATE ON THE HEART RATE OF
DAPHNIA? (10) WHAT IS THE EFFECT OF 5% ALCOHOL ON THE RATE
OF HEARTBEAT? (11)

COULD DAPHNIA BE USED TO TEST THC CONCENTRATION OF TRANQUI-
LIZERS, STIMULANTS, AND OTHER DRUGS OF UNKNOWN CONCENTRATION? (12)
BIOASSAY IS A TECHNIQUE USING LIVING ORGANISMS TO DETERMINE QUAN-
TITIES OF SUSPECTED MATERIALS AND EVEN TO IDENTIFY THEM.
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ZOOLOGY
LEVEL: HIGH SCHOOL

ACTIVITY: ANIMAL BEHAVIOR

PURPOSE:
THE PURPOSE OF THE PRESENT EXERCISE IS TO STUDY SOME OF THE

BEHAVIORAL CHARACTERISTICS OF TWO KINDS OF INSECTS, ANI ADULT FLY
(A FRUIT FLY) AND A LARVAL FORM (CATERPILLAR) OF EITHER A MOTH OR
A BUTTERFLY. THE BEHAVIOR OBSERVED IN THESE INSECTS WILL THEN BE
COMPARED WITH SOME SIMPLE EXAMPLES OF HUMAN BEHAVIOR THAT MOST PEOPLE
MAY NOT EVEN THINK OF AS BEHAVIOR. IN CONDUCTING THESE STUDIES OF
MAN AND INSECTS, KEEP IN MIND THE POSSIBILITY THAT IN SOME RESPECTS
THE BEHAVIORAL PATTERNS MAY BE SIMILAR.

MATERIALS:
TEST TUBE CONTAINING SEVERAL FRUIT FLIES
ONE LIVING CATERPILLAR
PLANT MATERIAL KNOWN TO BE A SOURCE OF

FOOD FOR THE CATERPILLAR AND SOME
PLANT MATERIAL KNOWN NOT TO BE A
SOURCE OF FOOD FOR THIS CATERPILLAR

FOOD COLORING
LIQUID CHLORINE BLEACH (CLOROX OR A

SIMILAR BRAND)

RUBBING ALCOHOL
DEODORANT
PARAFFIN
LIGHT BULBS OF DIFFERENT COLORS

OR COLORED CELLOPHANE WRAPPED
OVER WHITE LIGHT BULBS

SOURCES OF HEAT AND COLD
PAPER WITH A CIRCLE OF 15CM

DIAMETER

PROCEDURE:
PART A REACTIONS OF FRUIT FLIES TO LIGHT

HOLD THE TEST TUBE OF FRUIT FLIES HORIZONTALLY ABOUT 30 CM
(1 FT) FROM A GLOWING LIGHT BULB. Do THE FLIES TEND TO MOVE TOWARD
OR AWAY FROM THE LIGHT? (1) WHEN HANDLING THE TUBE OF FLIES,
SLOWLY TURN IT VERTICALLY AND THEN HORIZONTALLY, OR AT AN ANGLE,
BUT DO NOT JAR OR TAP THE TUBE OR OTHERWISE DISTRUB THE FLIES. WHY?
(2) CHANGE THE POSITION OF THE TUBE AND HOLD IT 100 CM FROM THE

LIGHT. NOTE THE FLIES' REACTION. IS IT THE SAME AS AT 30 CM? (3)
BY MOVING THE TUBE CLOSER TO AND FARTHER FROM THE LIGHT, DETERMINE
THE OPTIMUM DISTANCE AT WHICH THE FLIES RESPOND TO THE STIMULUS OF
THE LI IT. (4) WHAT IS THE MINIMUM DISTANCE? (5) WHAT IS THE

MAXIMUM DISTANCE? (6)
WHAT 00 THE ABOVE OBSERVATIONS INDICATE ABOUT FRUIT FLY BEHAVIOR

IN RELATION TO THE BRIGHTNESS OR INTENSITY OF THE LIGHT? (7)
USING COLORED LIGHT BULBS OR COLORED CELLOPHANE, DETERMINE THE RE
ACTION OF FLIES TO LIGHTS OF DIFFERENT COLORS. Do THE FLIES REACT
EQUALLY WELL TO LIGHT OF ANY COLOR? (8) DOES THE POSITION OF THE
TUBE DETERMINE IN ANY WAY IN WHAT DIRECTION THE FLIES TEND TO MOVE?

(9)
IN ADDITION TO EMITTING LIGHT, THE ELECTRIC BULBS ALSO EMIT

HEAT. WHAT EFFECT DO YOU SUPPOSE THE EMISSION OF HEAT MAY HAVE
ON YOUR OBSERVATIONS CONCERNING FRUIT FLIES AND LIGHT? (10) DEVISE

A SIMPLE EXPERIMENT THAT WILL TEST THE REACTION OF THE'FLIES TO HEAT
OR COLD ALONE BUT NOT TO LIGHT. Do THE FLIES REACT TO DIFFERENT

TEMPERATURES BY THEIR DIRECTION OF MOVEMENT? (11)
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Do THE REACTIONS OBSERVED IN THE FLIES SEEM TO BE INBORN OR LEARNED?
(12) How COULD YOU DETERMINE WHETHER THE REACTIONS EXHIBITED BY
THE FRUIT FLIES ARE LEARNED OR INBORN? (13)

PART B FOOD REACTIONS OF A CATERPILLAR
ON A PIECE OF PAPER MARKED WITH A 15CM CIRCLE, ARRANGE FOUR

ITEMS OF POSSIBLE FOODS OF THE CATERPILLAR AT OPPOSITE POINTS AROUND
THE CIRCLE. USE ONE PIECE OF A PLANT NORMALLY EATEN BY THE CATER
PILLAR, AND THREE PIECES OF DIFFERENT PLANT MATERIALS KNOWN NOT
TO BE A SOURCE OF FOOD FOR THIS INSECT. PLACE THE CATERPILLAR IN
THE CENTER OF THE CIRCLE. How DOES THE CATERPILLAR MOVE IN
SPONSE TO THE PRESENCE OF ITS FOOD? (14) WHAT FACTORS PRESENT IN
THIS EXPERIMENT TEND TO COMPLICATE THE RESULTS AND MAKE IT LESS
ACCURATE? (15)

CONTINUE YOUR OBSERVATIONS BY ALTERING THE DISTANCES OF THE
FOOD MATERIALS FROM THE CENTER OF THE CIRCLE IN ORDER TO DETERMINE
THE DISTANCE THROUGH WHICH THE LARVA IS ABLE TO LOCATE ITS SPECIFIC
FOOD, ROTATE THE POSITIONS OF THE VARIOUS FOOD MATERIALS DURING
THE COURSE OF THE OBSERVATIONS. WHAT IS THE POINT OF DOING THIS? (16)

PREPARE A CHART WITH THE FOUR FOOD ITEMS LISTED ACROSS THE TOP
AND THE DISTANCE FROM THE CENTER OF THE CIRCLE LISTED DOWN THE LEFT
SIDE. RECORD THE NUMBER OF TIMES THE CATERPILLAR MOVES TO EACH
FOOD SOURCE AND THE DISTANCES THROUGH WHICH IT MOVES.

WHEN THE LARVA CAN LOCATE ITS FOOD IN AT LEAST 80% OF THE
TRIALS, ASSUME THAT DISTANCE TO BE OPTIMUM. WHAT IS THIS DIS
TANCE? (17)

IN NATURE, WHAT WOULD BE THE EFFECT OF REMOVING A CATERPILLAR
A CONSIDERABLE DISTANCE FROM ITS FOOD SOURCE? (18)

How DO YOU SUPPOSE A CATERPILLAR LOCATES ITS FOOD BY ITS ODOR,
COLOR, OR SHAPE? ATTEMPT TO ANSWER THESE QUESTIONS BY THE FOLLOWING
EXPERIMENTS.

COLOR. DYE THE PLANT MATERIALS DIFFERENT COLORS WITH FOOD COLORING
AND ATTEMPT TO DETERMINE IF COLOR PLAYS AN IMPORTANT ROLE IN
FOOD LOCATION. GIVE THE RESULTS OF THIS TEST. (19)

ODOR. To DETERMINE IF ODOR PLAYS A PART, SOAK BITS OF THE
PLANT FOOD MATERIAL IN LIQUID CHLORINE BLEACH OR RUBBING ALCO
HOL TO DISGUISE THE NATURAL OCOR. YOU MIGHT TRY SEVERAL BRANDS
OF STANDARD DEODORANTS. TRY DIPPING THE FOOD IN MELTED PARAFFIN.

ARE ANY OF THESE METHODS OF ALTERING THE NORMAL ODOR OF THE
PLANT SUCCESSFUL IN PREVENTING THE LARVA FROM LOCATING ITS

FOOD? (20)
SHAPE. IS THE SHAPE OF THE FOOD MATERIAL OF POSSIBLE IM

PORTANCE? DEVISE AN EXPERIMENT THAT WILL MEASURE THE CATERPIL
LAPIS ABILITY TO LOCATE ITS FOOD BY SIGHT ALONE, IRRESPECTIVE
OF COLOR AND ODOR. DOES FOOD SHAPE SEEM TO DETERMINE THE WAY

IN WHICH THE CATERPILLAR FINDS ITS FOOD? (21)

ON THE BASIS OF YOUR EXPERIMENT, DOES THIS PARTICULAR CATER
PILLAR LOCATE ITS FOOD PRIMARILY BY ODOR OR SIGHT? (22) Do

THESE EXPERIMENTS ADEQUATELY DEMONSTRATE THE METHOD BY WHICH
THIS PARTICULAR CATERPILLAR IS ABLE TO LOCATE ITS FOOD? (23)
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ZOOLOGY
LEVEL: HIGH SCHOOL

ACTIVITY: CAPILLARY CIRCULATION

PURPOSE:

THE PURPOSE OF THIS EXERCISE IS TO SEE AND TO UNDERSTAND
THE FUNCTION OF THE CAPILLARIES AS THAT PART OF THE CIRCULA
TORY SYSTEM WHERE EXCHANGES OF MATERIALS OCCUR BETWEEN THE
BLOODSTREAM AND THE CELLS OF THE BODY.

MATERIALS:

GOLDFISH IN A BOWL OR AN AQUARIUM
HALF OF A PETRI DISH
TWO HALVES OF A MICROSCOPE SLIDE
MEDICINEDROPPER PIPETTE
MILLIMETER RULER

DIP NET
TWO WADS OF ABSORBENT COTTON
(ONE THIN AND ONE THICK)
COMPOUND MICROSCOPE OR STEREO.
SCOPIC DISSECTING MICROSCOPE

PROCEDURE:

SOAK THE THIN WAD OF COTTON AND SPREAD IT ON THE BOTTOM OF THE
PETRE DiSH TOWARD ONE END. AT THE OTHER END PLACE THE HALFSLIDE.

SOAK THE THICK WAD OF COTTON IN WATER AND HAVE IT READY FOR THE
NEXT STEP.

USING YOUR NET, REMOVE THE FISH FROM THE WATER. PLACE IT IN
THE PETRI DISH IN SUCH A POSITION THAT ITS HEAD AND BODY LIE ON THE
MOIST COTTON AND ITS TAIL ON THE HALFSLIDE.

NOW PLACE THE THICK, SOAKED WAD OF COTTON OVER THE BODY OF THE
FISH, AND THE OTHER HALFSLIDE OVER THE TAIL SO THAT THE TAIL IS
SANDWICHED BETWEEN THE TWO,

IF THE FISH FLIPS ITS TAIL OUT, AS IT MAY, SIMPLY PUT IT BACK
BETWEEN THE GLASS SLIDES. YOU MAY HAVE TO DO THIS MORE THAN ONCE
DURING THIS STUDY. ALSO YOU WILL HAVE TO REMEMBER FROM TIME TO TIME
TO PLACE A FEW DROPS OF WATER (USING THE MEDICINE DROPPER) ON THE
COTTON TO KEEP IT MOIST CONSTANTLY.

REMOVE THE CLIPS FROM THE STAGE OF YOUR MICROSCOPE AND THEN PLACE
THE PETRI DISH ON THE STAGE SO THAT THE FISH'S TAIL IS OVER THE HOLE
IN THE STAGE.

FOCUS THE MICROSCOPE ON THE TAIL. THEN MOVE THE DISH AROUND
UNTIL YOU FIND A PART OF THE TAIL IN WHICH YOU CLEARLY SEE THE
CAPILLARIES AND FLOWING BLOOD. THE CAPILLARIES ARE THE SMALLEST
IN DIAMETER OF THE BLOOD VESSELS YOU CAN SEE HERE.

LOOK FOR A SMALL ARTERY (ARTERIOLE) AT A POINT WHERE IT DIVIDES.
THE TWO FORKS OF THIS DIVISION ARE THE CAPILLARIES, MEASURE THE
DIAMETER OF THE ARTERIOLE, AND RECORD. (1) MEASURE THE DIAMETER
OF EACH OF THE CAPILLARIES COMING FROM THE ARTERIOLE AND RECORD EACH.
(2) 1S THE SUM OF THE DIAMETERS OF THE CAPILLARIES GREATER OR LESS
THAN THE DIAMETER OF THE ARTERIOLE FROM WHICH THEY AROSE? (3) IN

WHICH VESSELS WOULD THERE BE THE GREATEST AMOUNT OF SURFACE FOR THE
VOLUME OF BLOOD FLOWING THROUGH, IN THE ARTERIOLE OR IN THE CAP
ILLARIES THAT SPRING FROM IT? (5) ON THE BASIS OF THESE MEASURE
MENTS AND YOUR OBSERVATIONS, WOULD YOU EXPECT THE BLOOD TO BE
FLOWING MORE SLOWLY OR MORE RAPIDLY IN CAPILLARIES THAN IN
ARTERIOLES FROM WHICH THE CAPILLARIES ARISE? (6) Do YOUR OBSER-
VATIONS BEAR OUT YOUR CONCLUSION IN QUESTION 6? (7)
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THE SMALL OBJECTS WHICH YOU SEE MOVING THROUGH THE CAPILLARIES
ARE RED BLOOD CELLS. WHAT IS THEIR SHAPE? (8) HOW MANY OF THEM
CAN PASS SIDE BY SIDE THROUGH THE CAPILLARIES? (9) CAN YOU
FORMULATE A HYPOTHESIS TO ACCOUNT FOR ANY ADVANTAGE TO THE ANIMAL
IN HAVING THE RED BLOOD CELLS PASS THROUGH THE CAPILLARY AS THEY
DO? (10)

TRACE A CAPILLARY IN THE DIRECTION OF THE BLOOD FLOW UNTIL IT
JOINS WITH ANOTHER ONE TO FORM A SLIGHTLY LARGER VESSEL (VENULE).
MEASURE THE LENGTH OF A TYPICAL CAPILLARY, AND RECORD. (11) DOES
THE BLOOD MOVE MORE RAPIDLY OR LESS RAPIDLY AFTER IT FLOWS FROM THE
CAPILLARIES INTO A LARGER VENULE? (12) IS THE DIAMETER OF THE
VENULE THE SAME OR DIFFERENT FROM THE DIAMETER OF THE ARTERIOLE'
FROM WHICH THE CAPILLARIES ARISE? (13)

WHY IS IT ADVANTAGEOUS THAT THE CAPILLARIES HAVE AS THIN WALLS
AS POSSIBLE? (14) WOULD YOU EXPECT MUCH EXCHANGE BETWEEN RED BLOOD
CELLS AND THE BODY CELLS IN ARTERIES OR VEINS? WHY? (15)

MEASURE THE DISTANCE BETWEEN CAPILLARIES IN THE TAIL. WOULD
YOU ASSUME THAT METABOLISM IS AS HIGH IN THE FISH'S TAIL AS IT WOULD
BE, FOR EXAMPLE, IN SOME OF THE BODY MUSCLES? WHY? (16) IN VIEW

OF YOUR ANSWER TO QUESTION 16, WOULD YOU ASSUME THAT CAPILLARIES
WOULD BE CLOSER TOGETHER IN MUSCLE THAN IN THE TAIL REGION YOU ARE
OBSERVING? (17) WHAT CHARACTERISTIC OF RAW MAMMALIAN MEAT (MUSCLE)
IN GERNERAL WOULD LEAD YOU TO BELIEVE YOUR ANSWER TO QUESTION 17
RELATES TO MUSCLES IN ANIMALS OTHER THAN FISH? (18)
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Z001.4
LEVEL: HIGH CHOOL

ACTIVITY: EFFECT OF TEMPERATURE ON GOLDFISH RESPIRATION RATE

PURPOSE:
TO DETERMINE THE INFLUENCE OF WATER TEMPERATURE ON THE RESPIR+

ATION RATE OF GOLDFISH. COLD-BLOODED ANIMALS ARE LITERALLY AT THE

MERCY OF THEIR ENVIRONMENT. LOWERING OF THE BODY TEMPERATURE IN

RESPONSE TO REDUCED TEMPERATURE OF THE ENVIRONMENT MAY RESULT IN

THE CRYSTALLIZATION OF PROTEINS IN THE BLOOD, RESULTING IN DEATH.

AN INCREASE IN BODY TEMPERATURE MAY SPEED UP METABOLISM TO SUCH AN

EXTENT THAT THE TISSUES ARE LITERALLY BURNED UP.

EFFECT OF WATER TEMPERATURE ON THE RESPIRATION RATE OF THE GOLDFISH.

THE RESPIRATORY CYCLE IN THE FISH IS ACCOMPLISHED WHEN THE WATER,

LADEN WITH OXYGEN, ENTERS THE MOUTH AND IS FORCED OUT OVER THE GILL

FILAMENTS WHEN THE MOUTH IS CLOSED. THE OXYGEN DISSOLVED IN THE

WATER ENTERS THE CAPILLARIES, AND THE EXCESS CARBON DIOXIDE IN THE

CAPILLARIES IS RELEASED INTO THE WATER. THE OPERCULUM OPENS TO

ALLOW THE CARBON - DIOXIDE LADEN WATER TO LEAVE THE GILL CHAMBER,

THUS COMPLETING THE RESPIRATORY CYCLE. THEREFORE, THE COUNTING OF

THE MOVEMENTS OF THE OPERCULUM IS ONE METHOD OF COMPUTING THE RES-

PIRATORY RATE OF THE GOLDFISH.

MATERIALS:
ONE HALF GALLON MILK CARTONS CUT IN HALF LENGTH WISE.

GOLDFISH; THERMOMETER THAT CAN BE IMMERSED IN WATER; CRUSHED ICE,

TIMING DEVICE; WARM WATER.

PROCEDURE AND OBSERVATIONS:
PU1 A GOLDFISH IN A MILK CARTON WITH SUFFICIENT WATER TO COVER

THE DORSAL FIN. PUT A THERMOMETER AT ONE EDGE OF THE AQUARIUM SO

YOU CAN READ IT WITHOUT DISTURBING THE FISH.
IN ORDER TO REDUCE THE SHOCK FACTOR AND AVOID EXCITING THE FISH,

ADD CRUSHED ICE SLOWLY TO THE AQUARIUM. CONTINUE TO ADD THE ICE

UNTIL THE WATER TEMPERATURE IS REDUCED TO NEAR FREEZING.

NOW OBSERVE THE MOVEMENT OF THE OPERCULUM COVERING THE GILLS.

USE YOUR TIMING DEVICE AND COUNT THE MOVEMENTS OF THE OPERCULUM AT

THE LOWEST TEMPERATURE FOR ONE MINUTE. RECORO THIS RATE IN THE

TAVLE PROV DED.
SLOWLY ADD WARM WATER TO THE AQUARIUM AT THE END OPPOSITE THE

THERMOMETER. REMOVE SOME OF THE WATER ANO ICE SO THAT THE WATER

VOLUME REMAINS CONSTANT. AVOID EXCITING THE FISH WHEN YOU ARE ADDING

THE WATER. . (A) EXPLAIN WHY THIS IS NECESSARY.

CONTINUE TO ADD WARM

WATER UNTIL A FIVE+DEGREE RISE IN TEMPERATURE OCCURS. WAIT A FEW

SECONDS FOR THE FISH TO ADJUST TO THE CHANGE, THEN COUNT AND RECORD

THE RATE OF OPERCULUM MOVEMENT AT THIS TEMPERATURE. CONTINUE

ADDING WARM WATER TO THE AQUARIUM, REMEMBERING THAT SOME WATER WILL

HAVE TO BE REMOVED, AND RECORD THE RATE AT EACH FIVE+DEGREE TEMPERA+

TURE INTERVAL UNTIL THE WATER TEMPERATURE REACHES 92°F. IF YOU USE

A CENTIGRADE THERMOMETER, CONVERT THIS TEMPERATURE.
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AFTER THE EXPERIMENT REMOVE THE GOLDFISH AND PLACE IT IN AN
AQUARIUM AT ROOM TEMPERATURE AND WELL AERATED. CALCULATE THE
AVERAGE RATE OF OPERCULUM MOVEMENT FOR THE GOLDFISH, RECORD IN THE
TABLE PROVIDED, AND CONSTRUCT A GRAPH BASED ON THE AVERAGES.
(B) DISCUSS YOUR OBSERVATIONS OF THE FISH DURING THIS EXPERIMENT.

(C) AT WHICH TEMPERATURE DID THE GREATEST NUMBER OF OPERCULUM MOVE-
MENTS OCCUR?

DEGREES FISH FISH FISH : FISH AVERAGE

1 FAHRENHEIT ; #1 #2 #3 ! #4 : RATE

2

2

7
2

62
6
2

i2

87
.92

L

INTERPRETATION:
WHAT IS THE RELATIONSHIP BETWEEN THE INCREASE IN WATER

TEMPERATURE AND RESPIRATION RATE IN THE GOLDFISH?
LIST THE FACTORS WHICH, IN ADDITION TO WATER TEMPERATURE,
COULD INFLUENCE THE RESPIRATION RATES IN YOUR GOLDFISH.

EXPLORE OTHER FACTORS SUCH AS THE EFFECT OF HEAT OR EXTREMELY
COLD TEMPERATURES ON THE ENZYMES INVOLVED IN RESPIRATION, OR
THE EFFECT OF OXYGEN STARVATION ON INTERNAL TISSUES OF THE FISH.

FISH ARE ADAPTED FOR AN AQUATIC LIFE ANC; LIVE IN BOTH WARM AND
COLD WATERS. IN TERMS OF YOUR RESULTS, DISCUSS HOW THE RES...
PIRATION RATES OF FISH IN THESE ENVIRONMENTS COULD VARY.
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ZOOLOGY
LEVEL: HIGH SCHOOL

ACT:VITY: STUDY OF POPULATIONS

MATERIALS: GRAPH PAPER

PROCEDURE:
THE FOLLOWING GRAPHS COULD BE USED AS AN EXERCISE IN GRAPHING

OR TO STUDY THE GROWTH OF POPULATIONS.

DATA ON THE POPULATION OF PHEASANTS ON PROTECTION ISLAND

i YEAR : POPULATION POPULATION

I

i SIZE IN SIZE

I

: SPRING IN

FALL

i

1937 8
i

4o

1938 ! 3o
I

loo

1

4251939 90

1940 300 825

:---22141 ---T----22----L---129----:
1942 1325 1 1900

RING -NECK PHEASANTS WERE INTRODUCED ON PROTECTION ISLAND, OFF
THE COAST OF WASHINGTON STATE, IN 1937. COUNTS OF THE POPULATION
WERE MADE EACH SPRING AND FALL FOR THE NEXT FIVE YEARS. PLOT

THE DATA ON GRAPH PAPER. HOW CAN YOU EXPLAIN THE REGULAR FLUCTU
ATIONS SHOWN ON YOUR GRAPH? NOW, USING A PENCIL OF A DIFFERENT
COLOR, CONNECT ALL THE POINTS REPRESENTING 'SPRING COUNTS, SKIPPING
THE FALL COUNTS. WHAT DOES THIS TELL YOU ABOUT THE POPULATION?
REMEMBERING THAT THIS IS A NATURAL POPULATION, WHAT DO YOU THINK
THE COUNTS AFTER 1942 MIGHT HAVE SHOWN IF THEY HAD BEEN MADE?

AVERAGE NUMBER OF
IMONTHS !MICE CAUGHT PER

'MAY
TRAPS PEII NIGHT

'MAY 1927 i_ 1

JUNE 1.3i.........
,JULY i 2.3
,

(AUGUST
i 3

SEPTEMBER 6.5
..--,--..-..-

PLOT THE DATA ON GRAPH
PAPER USING A VERTICAL

OCTOBER 3.2
SCALE.

NOVEMBER 2.5

JANUARY 0176..

2e...._ ----DECEMBER

FEBRUARY 7 5.
µrARCH------5----.-:
APRIL 5.7

DATA ON A POPULATION OF
ENGLISH FIELD MICE IN A
WOODS NEAR OXFORD, ENGLAND.



i

POPULATION

i

DAYS OF COLONY

i

I (IN THOUSAND)

i

10
.

L--..-a-16-.--.-
14 249

DATA ON THE POPULATION
IN A COLONY OF BEES

PLOT THE DATA ON GRAPH
PAPER

21 4

28 8

35 16
42

1.

22

49 32

56 40.5

63 50.3

7o 55

77 62.5

84 72

91 , 72.5

98 71

tila

105 82

112 76

119 81

WHY WOULD PEOPLE IN MOST AREAS OF BIOLOGY NEED TO HAVE AN
UNDERSTANDING OF GRAPHING ANf.x POPUuATIONS?
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BIOLOGY - BOTANY

ARCHITECTS
BIOLOGIST

DIETITIANS
LANDSCAPE ARCHITECT
OCEANOGRAPHER
ELEMENTARY TEACHER
TECHNICAL WRITER
RADIOLOGY
AGRICULTURE EXTENSION WORKER
FARM CROP PRODUCTION TECHNICIAN
FISH & WILDLIFE TECHNICIAN
FORESTER
LIVESTOCK PRODUCTION TECHNICIAN
HORTICULTURIST
RANGE MANAGEMENT
SOIL SCIENTIST
CARPENTER
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BIOCHEMISTRY
CHEMIST
HOME ECONOMIST
LIFE SCIENTIST
RECREATION LEADER
TEACHER SECONDARY - COLLEGE

VETERINARIAN
AGRIBUSINESS TECHNICIANS
DAIRY PRODUCTION TECHNICIAN
FARMING

FISH CULTURE TECHNICIAN
FORESTERY PRODUCTION TECHNICIAN
ORCHARD TECHNICIAN
PARKS LAND MANAGEMENT TECHNICIAN
SOIL CONSERVATIONIST
FOOD PROCESSING TECHNICIAN



BOTANY
LEVEL: JUNIOR HIGH

ACTIVITY: ACTIVITIES WITH GROWING PLANTS AROUND HOME.

TO THE TEACHER: THIS ACTIVITY IS TO PROVIDE STUDENTS AN OPPORTUN
ITY TO EXPLORE WITH DIFFERENT PROBLEMS WHICH COULD ARISE FROM
GROWING HOUSE PLANTS. STUDENTS NEED TO PREPARE A RECORDING CHART
IN A NOTEBOOK SO THEY CAN WRITE THEIR OBSERVATIONS AS THIS PROJECT
IS CARRIED ON. ENCOURAGE STUDENTS TO WRITE WHY SOMETHING HAPPENS
RATHER THAN JUST RECORDING OBSERVATIONS. MANY REGULAR ACTIVITIES
IN CLASSROOM BOTANY CAN BE TIED INTO THIS PROJECT.

PROCEDURE:

HAVE EACH STUDENT BRING A PLANT FROM HOME, GROW A PLANT FROM
SEEDS, BRING AN ONION, CARROT OR SWEET POTATO THAT CAN GROW IN
WATER. EACH STUDENT SHOULD PROVIDE A CONTAINER AND PLANT. THE
TEACHER SHOULD HAVE SOIL AVAILABLE FOR THOSE WHO DO NOT HAVE IT.
STUDENTS SHOULD, WITH A PIECE OF MASKING TAPE, PUT THEIR NAMES
ON THE CONTAINERS. STUDENTS SHOULD RECORD STARTING CONDITIONS IN
THEIR NOTEBOOKS.

ACTIVITIES THAT YOU CAN 00 WITH THIS PLANT INCLUDE:

PART 1: CONDITIONS NECESSARY FOR GROWTH OR GERMINATION.
OBSERVE HOW STUDENTS WILL WATER PLANTS AND COMPARE THE

DIFFERENT EFFECTS IT HAS ON THE PLANTS. SOME MAY WANT TO TRY
GROWING THEM DARK TO SEE WHAT EFFECT THIS HAS. SOME WILL ALSO WANT
TO USE ARTIFICIAL LIGHT WHERE OTHERS WILL WANT TO USE A WINDOW
SILL TO GET SUNLIGHT. ALL OF THESE OBSERVATIONS CAN LEAD TO GOOD
DISCUSSION AS TO WHAT CAUSED THE DIFFERENCES. RECORD ALL OBSERVATIONS.

PART 2:

BUY A COMMERCIAL PLANT FERTILIZER FROM A GARDEN STORE. FOLLOW
THE DIRECTIONS ON THE CONTAINER AND MIX UP SOME FERTILIZER AND LET
SOME EXPERIMENT BY PUTTING FERTILIZER ON THEIR HOUSE PLANTS.
OBSERVE THE DIFFERENCES. STUDENTS COULD TRY DIFFERENT AMOUNTS
EACH WEEK TO SEE WHAT HAPPENS. THE TEACHER SHOULD HAVE A PLANT
WHICH COULD BE USED AS A CONTROL OR POSSIBLY SOME WON'T WANT TO USE
PLANT FOOD. RECORD AND DISCUSS OBSL:IVATIu0S.

PART 3: CUTTINGS AND ROOTING HORMONES
HAVE STUDENTS TAKE SEVERAL CUTTINGS FROM THEIR PLANT TO

POSSIBLY ROOT NEW PLANTS. THE TEACHER SHOULD HAVE SOME PLANTS
AVAILABLE FOR CUTTINGS IF SOME STUDENTS PLANTS HAVE DIED OR DO
NOT WANT TO LEND TO MAKE CUTTINGS. THE CLASS THEN CAN TEST EFFECTS
OF COMMERCIAL ROOTING HORMONES WHICH hbZ FOUND IN GARDEN SUPPLY
STORES. TREAT SOME OF THE CUTTINGS WITH A HORMONE LEAVING SOME
AS IS. PLANT BOTH THE TREATED AND UNTREATED CUTTINGS IN WET SOIL.
EXAMINE THEM WEEKLY FOR ROOT DEVELOPMENT AND RECORD THE OBSERVA
TIONS IN THE STUDENTS' NOTEBOOKS.



PART 4: RESPONSE TO PRUNING
HAVE STUDENTS SELECT ABOUT ONE HALF OF THE BRANCHES OF THEIR

PLANT AND CUT THE TIPS OFF. LEAVE THE OTHER BRANCHES UNTREATED.
OBSERVE, COUNT ALL THE BRANCHES AND MAKE DRAWINGS OF OBSERVATIONS.
DESCRIBE THE EFFECT OF REMOVING THE TIPS FROM BRANCHES. DISCUSS

WHAT IS THE ADVANTAGE OF PRUNING HOUSE PLANTS.

PART 5: TRANSPLANTING
HAVE STUDENTS TRANSPLANT THEIR PLANTS FROM ONE CONTAINER TO

ANOTHER. OBSERVE WHAT HAPPENS TO PLANTS. WHY IS A LOT OF WATER
NECESSARY IN THE NEW CONTAINER? EXPLAIN CHANGES IN THE PLANT.

A
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BOTANY
LEVEL: JUNIOR HIGH & ABOVE

ACTIVITY: TREES AND THEIR IMPORTANCE

MATERIALS: IDENTIFICATION OF TREES, BOOKLETS (COUNTY AGENT &
FOREST SERVICE HAVE MANY GOOD AIDS)
INK PRINT REPLICAS OF TREE LEAVES
METERSTICK
TAPE MEASURE
STRING

INTRODUCTION:
TREES ARE FOUND EVERYWHERE. WE THINK OF TREES AS PLANTS THAT

GIVE US SHADE AND ADD BEAUTY TO OUR ENVIRONMENT. WE OFTEN FORGET
THAT THEY ARE PLANTS THAT OBTAIN MAXIMUM GROWTH IN A GIVEN NUMBER
OF YEARS, AFTER WHICH GROWTH IS SLOW AND ENDS IN DECAY AND DEATH.
HAVE THE CLASS LIST ALL THE USES FOR WOOD. THAT THEY KNOW. WHAT
PARTS OR PERCENTAGE OF THEIR HOME OR SCHOOL IS CONSTRUCTED OF WOOD
OR WOOD BY- PRODUCTS? IT HAS BEEN ESTIMATED THAT 36 BILLION BOARD
FEET OF LUMBER ARE USED EACH YEAR. THIS WILL, OF COURSE, INCREASE
WITH POPULATION INCREASES. DOES THIS MEAN WE WILL RUN OUT OF TREES?

IF IT WAS NECESSARY, HOW MUCH COULD YOUR CITY PROPERTY CONTRIBUTE
TO SATISFY THIS DEMAND? HOW MUCH INCOME COULD THIS ADD TO YOUR

CITY? WHAT KIND OF PROGRAM COULD BE PUT INTO EFFECT FOR HARVESTING

AND REPLENISHING THIS RESOURCE? USE THE FOLLOWING ACTIVITY TO SEE

IF YOU CAN ANSWER THESE QUESTIONS.

PROCEDURE:
DIVIDE YOUR CLASS INTO TEAMS OF 3 -11. HAVE EACH TEAM MEMBER

SELECT 4 OR 5 LEAF PRINTS OF TREES FOUND IN YOUR TOWN. PICK A

DIFFERENT AREA NEAR SCHOOL OR HOME AND ASK EACH TEAM TO FIND THE

FOLLOWING INFORMATION:

A. NAME EACH TREE FOUND. THIS IS NECESSARY AS EACH TYPE OF

WOOD HAS A DIFFERENT VALUE PER BOARD FOOT). EACH TEAM

MEMBER USING HIS OR HER LEAF REPLICAS SHOULD BE ABLE TO
IDENTIFY THE TREE. IF A TREE IS FOUND WHERE IDENTIFICATION
CANNOT BE MADE, LEAVES ARE COLLECTED AND BROUGHT BACK TO
CLASS FOR CLASSIFICATION THERE.

B. DETERMINE THE DIAMETER OF THE TREE AT 4 1/2 FEET ABOVE THE

GROUND. WITH A TAPE MEASURE OR A-STRING MEASURE AROUND THE
TREE (CIRCUMFERENCE) AND THEN FIGURE DIAMETER. (ONE-THIRD
OF CIRCUMFERENCE FOR A ROUGH ESTIMATE).

C. DETERMINE THE NUMBER OF "SAW LOGS" IN EACH TRUNK. (A

"SAW LOG" IS 16 FEET LONG). THIS CAN BE DONE BY ONE MEMBER
OF THE TEAM STANDING BY THE TREE AND THE OTHER MEMBERS
STANDING A DISTANCE FROM THE TREE, AND COMPARE HIS HEIGHT
WITri THE TREE TRUNK.
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D. DETERMINE HOW MANY TREES HAVE LOST THEIR VALUE FOR LUMBER
BECAUSE OF OLD AGE AND DECAY. How ARE THESE TREES DISPOSED
OF? IS THIS AN ADDED COST TO THE OWNER OR CITY? ARE THERE
YOUNGER TREES GROWING IN THE AREA TO INSURE A CONTINUING
SUPPLY OF SHADE AND BEAUTY?

E. DETERMINE FROM THE FOLLOWING TABLE THE NUMBER OF BOARD

FEET PER SPECIES. CURRENT LUMBER VALUES, PER BOARD FOOT,
CAN BE OBTAINED FROM A LUMBER DEALER FOR EACH TYPE OF WOOD.
FIND THE VALUE OF LUMBER FOUND IN YOUR AREA.

SUM UP YOUR PROJECT BY COMBINING RESULTS OF ALL TEAMS, AND
PROPOSE A LOCAL HARVESTING PLANTING PROGRAM.

POSSIBLE RECORDING CHART

' KIND OF TREE i DIA. # OF SAW LOGS BOARD FEET f

PRICE PER
I

' THOUSAND
& LOCATION :

I i somm FEET i

I

I
I

TABLE TO OBTAIN BOARD FEET IN A TREE:

1. FIND COLUMN HEADED BY TREE DIAMETER YOU ESTIMATED

2. FIND LINE WITH NUMBER OF SAW LOGS YOU ESTIMATED
3. READ THE NUMBER WHERE THE COLUMN AND LINE INTERSECTS.

No.

OF

SAW

LOGS

THIS

DIAMETER

; 1

1 1/2 .

2 :I4-
2 1/2

IS THE BOARD

10111. 12'
.

39:49 59

51' 64 TB

63 8o 98

-FOOT VOLUME OF THE TREE.

13 ; 14! 16 18: 201 22, 24, 261 28 30

i !-

. 71 83! lio 140i 180; 220, 270! 320

112 :150 200.2501300 370, 44o96 112.
... _... .... ..... . ... .

120 .141 190 250.310,390 470:5601650
._.4._

I

, 370 !

; 510 l

, ... __

i

420

590____
1

760

72 92112

..-;_.4._

138 164 220.290 37o. 46o15601660 , 78o 1 900

.3

i

3

1/2

127

.

.

.

156 186 260 340 43o 530,641.770;9co
,

201 280:370:4701580.710
I

f,

050

:1o5o

:

0000
I

I.

11b0;
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BOTANY

LEVEL: HIGH SCHOOL

ACTIVITY: EFFECTS OF VARIOUS VISIBLE LIGHT WAVELENGTHS ON THE

GROWTH OF GREEN PLANTS

PROBLEM:
DO SEED PLANTS GROW BETTER IN ONE WAVELENGTH OF LIGHT, OR DOTHEY

GROW EQUALLY AS WELL IN ALL WAVELENGTHS? BASICALLY, ALL WAVELENGTHS

OF THE %/IS:8LE SPECTRUM CAN BE USED IN PHOTOSYNTHESIS. YOU CAN EX
PERIMENT WITH THE RELATIVE DEGREE OF EFFECTIVENESS OF THE VARIOUS

VISIBLE LIGHT WAVELENGTHS ON THE GROWTH OF SEED PLANTS BY COVERING

GREEN PLANTS WITH SHEETS OF COLORED CELLOPHANE.

MATERIALS:
HEALTHY BEAN SEEDLINGS (41N.)

OTHERS MAY BE SUBSTITUTED

CELLOPHANE PAPER
(WHITE OR CLEAR, RED, BLUE,
GREEN).

PROCEDURE:
USE FOUR HEALTHY POTTED BEAN OR OTHER SEEDLINGS. WRAP EACH OF

THE SEEDLINGS WITH CELLOPHANE PAPER BE SURE TO FASTEN THE PAPER

SO THAT LIGHT FROM THE OUTSIDE DOES NOT REACH THE PLANT. OR CUT THE

TOP AND BOTTOM OUT OF MILK CARTONS PASTE THE CELLOPHANE OVER ONE

END OF THE CARTON AND COVER THE PLANT. THE PLANT WRAPPED IN CLEAR

CELLOPHANE ACTS AS A CONTROL FOR THE EXPERIMENT PLACE THE COVERED

PLANTS IN A WELLLIGHTED AREA OF THE ROOM SO THAT EACH ONE RECEIVES

THE SAME AMOUNT OF LIGHT DAILY. WATER THE PLANTS REGULARLY AND ALLOW

THEM TO GROW FOR ONE WEEK* EXAMINE THE PLANTS, OBSERVING THE CONDITION

OF THE LEAVES AND STEMS, THEIR SIZES AND INTENSITY OF CHLOROPHYLL.

PREPARE A TABLE AND RECORD YOUR RESULTS.
REMOVE A LEAF FROM EACH OF THE PLANTS, EXPERIMENTAL AND CONTROL.

USE THE IODINE TEST TO DETERMINE THE DIFFERENCE IN THE AMOUNT OF

STARCH PRODUCED BY EACH LEAF* ACCOUNT FOR ANY DIFFERENCES YOU

FOUND IN STARCH PRODUCTION.
YOU MIGHT EXTEND YOUR EXPERIMENTATION TO INCLUDE AN ALGA OR

SUBMERGED PLANT.

ANALYSIS AND CONCLUSIONS:
DISCUSS YOUR RESULTS IN TERMS OF THE ABILITY OF THE PLANT TO

RECEIVE ENERGY FROM THE SPECIFIC COLOR AND WAVELENGTH OF RADIATION

IT WAS SUPPLIED IN THE EXPERIMENT.

WHY WOULD THE BOTANIST OR GREENHOUSE OPERATOR NEED TO UNDER

STAND THE EFFECT OF LIGHT ON PLANTS?
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BOTANY
LEVEL: HIGH SCHOOL

ACTIVITY: SEPARATION OF THE PIGMENTS THAT OCCUR IN LEAVES
(PAPER CHROMATOGRAPHY)

PURPOSE:

IN THIS EXERCISE WE SHALL USE THE SIMPLEST KIND OF CHROMATOGRAPHY
TO SEPARATE SOME OF THE PIGMENTS THAT OCCUR IN LEAVES.

MATERIALS AND EQUIPMENT PER TEAM):
PAPER CLIP ACETONE
CORK (TO FIT THE LARGER TEST TUBE) MORTAR AND PESTLE
FILTER PAPER CHEESECLOTH
SCISSORS CLEANSING TISSUE
TEST TUBE 25 x 200 MM FUNNEL
SOLVENT (0% ACETONE, 92% PETROLEUM ETHER) FUNNEL SUPPORT
TESTTUBE RACK TEST TUBE, 18 x 150 MM
SPINACH LEAVES PENCILS, 2
FINE SAND PIPETTE, WITH A VERY FINE TIP

PROCEDURE:

ASSEMBLE THE APPARATUS, BUT DO NOT ADD THE SOLVENT YET. BEND
A PAPER CLIP INTO A LONG J AND FORCE INTO THE BOTTOM OF THE CORK.
CUT A STRIP OF FILTER PAPER SO THAT ITS WIDTH IS SLIGHTLY LESS THAN
THE INSIDE DIAMETER OF THE LARGER TEST TUBE. THE STRIP SHOULD AL
MOST REACH THE BOTTOM OF THE TUBE. PLACE SEVERAL SPINACH LEAVES,
A LITTLE FINE SAND, AND 5 ML OF ACETONE IN THE MORTAR AND GRIND.

USE C:iFESECLOTH IN A FUNNEL. POUR FILTRATE INTO FUNNEL. COLLECT
FILTRATE IN SMALL TEST TUBE. CAP WITH CORK.

SUPPORT THE STRIP OF FILTER PAPER ACROSS TWO PENCILS. USE THE
TIP OF A PAPER CLIP TO PUT A DROP OF PIGMENr FILTRATE ON THE PAPER.
PLACE A DROP OF FILTRATE ON FILTER PAPER.

HANG STRIP ON CORK AND PLACE INTO TEST TUBE WITH SOLVENT. Do
NOT LET IT TOUCH GLASS. BE SURE SOLVENT IS BELOW THE FILTRATE SPOT.
(1 CM BELOW).

WHEN THE UPPER EDGE OF THE SOLVENT ALMOST REACHES THE HOOK,
REMOVE THE CORK (WITH THE FILTER PAPER ATTACHED) FROM THE TUBE AND
HOLD IT UNTIL THE SOLVENT HAS DRIED.

STUDYING THE DATA:
(1) WHAT WAS THE COLOR OF THE FILTRATE? (2) IS THERE ANY EVIDENCE
THAT MORE THAN ONE PIGMENT IS DISSOLVED IN THE ACETONE? (3) HOW
MANY BANDS OF COLOR CAN YOU SEE? (4) WHY CANT YOU SEE THESE PIG
MENTS IN THE LEAF? (5) SUGGEST A HYPOTHESIS TO EXPLAIN THE CHANGE
OF COLOR THAT OCCURS WHEN A LEAF DIES? (6) HOW DO YOU KNOW THAT
ALL THE PIGMENTS WERE SOLUBLE IN THE SOLVENT YOU USED? (7) FROM
WHAT PCINT DID ALL THE PIGMENTS START AS THE SOLVENT BEGAN TO RISE?
(8) WHAT CAN YOU SAY ABOUT THE TIME IN WHICH ALL THE PIGMENTS WERE
MOVING? (9) IN WHAT CHARACTERISTIC, THEN, MUST THE PIGMENTS HAVE
DIFFERED?

FOR FURTHER INVESTIGATION, TRY 100% ACETONE AS A SOLVENT, 100%
PETROLEUM ETHER AS A SOLVENT. USING SOME OF THE SOLVENTS LISTED
ABOVE, TRY SEPARATING OTHER PIGMENTS, SUCH AS THOSE IN THE BLACK
OR BLUE INKS OF BALLPOINT PENS.i



BOTANY
LEVEL: HIGH SCHOOL

ACTIVITY: AN EXERCISE IN GRAFTING

PROCEDURE:
A TOMATO PLANT CAN BE GRAFTED ONTO A POTATO PLANT. FIRST, PLANT

A PIECE OF IRISH POTATO, MAKING CERTAIN THAT THE PIECE HAS ONE OR
MORE EYES, SO THAT IT WILL SPROUT. PLACE THE PIECE OF POTATO IN

MOIST SOIL, WATERING, BUT NOT SOAKING, WHEN NECESSARY, WHEN THE

POTATO HAS GROWN SO THAT THE STEM IS ABOUT PENCIL THICKNESS, AND HAS
A GOOD ROOT SYSTEM, IT IS READY FOR GRAFTING.

IN THE MEANTIME, GROW A TOMATO PLANT OR YOU MIGHT GET ONE FROM

A GREENHOUSE. CHOOSE A TOMATO PLANT THAT IS ABOUT THE SAME THICKNESS
AS THE POTATO PLANT. SLICE A FOUR OR FIVEINCH PIECE OF THE TOMATO
PLANT OFF THE TOP. SLICE THE POTATO STEM DIAGONALLY WITH AN UP
WARD SLICE, SO THAT IT MATCHES THE CUT MADE IN THE TOMATO STEM.
REMOVE MOST OF THE LEAVES FROM THE TOMATO STEM TO PREVENT LOSS OF

WATER. FIT THE PIECES TOGETHER, AND HOLD THEM TOGETHER BY MEANS OF
A TOOTHPICK INSERTED LENGTHWISE IN THE STEM.

WRAP THE GRAFT LOOSELY WITH STRING. THE IDEA IS TO KEEP THE
GRAFTED SECTIONS TOGETHER SO THAT THEY CAN HEAL. KEEP THE PLANT IN

A SHADY SPOT UNTIL THE GRAFT HEALS, WHICH SHOULD BE ABOUT A WEEK.
USE PLENTY OF WATER, BUT DO NOT SOAK THE SOIL. LEAVE THE BINDING

MATERIAL AROUND THE GROWTH FOR ABOUT TEN TO FOURTEEN DAYS. IF YOU

ARE CAREFUL TO POLLINATE THE BLOSSOMS OF THE TOMATO PLANT, YOU SHOULD
BE ABLE TO HAVE BOTH TOMATOES AND A POTATO ON YOUR PLANT.

WHAT TYPE OF CAREERS WOULD YOU NEED TO KNOW HOW TO GRAFT PLANTS?
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BOTANY
LEVEL: HIGH SCHOOL

ACTIVITY: How MOLECULES ENTER A ROOT

MATERIALS: RING STAND BATTERY JAR OR LARGE BEAKER
GLASS TUBE CORK BORER
ONE HOLE CORK PARAFFIN
MOLASSES CARROT

CELL WALLS ARE ON THE OUTSIDE OF PLANT CELLS. THEY ARE NOT
SOLID WALLS, BECAUSE LIQUIDS CAN PASS THROUGH THEM. INSIDE THE

CELL WALL IS A MEMBRANE. MOLECULES OF WATER, FOOD AND OTHER THINGS
CAN PASS THROUGH, BUT MOST THINGS LARGER THAN MOLECULES CANNOT GET
THROUGH.

DEMONSTRATION OR LAB ACTIVITY:
GET A LARGE, STRAIGHT CARROT. USING A CORK BORER REMOVE A CORE

ABOUT ONE -HALF INCH IN DIAMETER FROM THE CENTER, GOING AS DEEP AS

YOU CAN. FILL THE CAVITY ALMOST FULL WITH MOLASSES.
INSERT GLASS TUBING IN A ONE -HOLE STOPPER. THEN PUT THE STOPPER

WITH THE TUBE FIRMLY INTO THE CORE OF THE CARROT. SEAL AROUND THE
TOP OF THE STOPPER WITH MELTED PARAFFIN. (NOTE: IF THE CARROT
HAS BEEN CLEANED SO THAT THE ROOTLETS ARE GONE, CUT OFF THE TIP.)

ATTACH THE TUBE TO A RING STAND WITH CLAMPS. NOW PUT A JAR UNDER

THE CARROT AND FILL IT WITH WATER. MARK THE LEVEL IN THE TUBE EACH

DAY FOR TWO OR THREE DAYS. HOW DOES THIS DEMONSTRATION SHOW WHAT
HAPPENS TO WATER IN ROOTS?

WHY WOULD PEOPLE WORKING IN BOTANY NEED TO UNDERSTAND HOW
MOLECULES BEHAVE?
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BIOLOGY - HUMAN BIOLOGY

ANATOMY:

PHYSICAL THERAPIST
PSYCHOLOGIST
PRACTICAL NURSE
REHABILITATION COUNSELOR
SINGER

ELEMENTARY TEACHER
TECHNICAL WRITER
RADIOLOGIST
ASTRONAUT
CHEMIST
DENTAL HYGENIST
DIETITIANS
LIFE SCIENTIST
MEDICAL RECORD LIBRARIAN
OCCUPATIONAL THERAPIST
BARBER
FIREMAN
MODEL
STEWARDESSES
DENTAL LABORATORY TECHNICIAN
OPTL,CAL MECHANIC

6

PHYSICIAN
RECREATION LEADER
REGISTERED NURSE
RESTAURANT MANAGER
SPEECH PATHOLOGIST
TEACHER SECONDARY - COLLEGE
X -RAY TECHNICIAN
ANTHROPOLOGY
BIOLOGIST
DANCING
DENTIST
HOME ECONOMIST
MEDICAL LAB WORKERS
MEDICAL TECHNOLOGIST
OPTOMETRIST
COSMETOLOGIST
HOSPITAL ATTENDENT
SHOW REPAIRMAN
FOOD PROCESSING TECHNICIAN
OPTICIAN

PHYSIOLOGY:

PHYSICAL THERAPIST
PSYCHOLOGIV:
PRACTICAL NURSE
REHABILITATION COUNSELOR
SINGER

ELEMENTARY TEACHER
TECHNICAL WRITER
BIOCHEMISTRY
BIOLOGIST
DENTIST
HOME ECONOMIST
MEDICAL LAB WORKERS
MEDICAL TECHNOLOGIST
OPTOMETRIST
BARBER
COOKS
HOSPITAL ATTENDENT
STEWARDESSES
DENTAL LABORATORY TECHNICIAN

PHYSICIAN
RECREATION LEADER
REGISTERED NURSE
RESTAURANT MANAGER
SPEECH PATHOLOGIST
TEACHER SECONDARY - COLLEGE

RADIOLOGIST
CHEMIST
DENTAL HYGENIST
DIETITIANS
LIFE SCIENTIST
MEDICAL RECORD LIBRARIAN
OCCUPATIONAL THERAPIST
PHARAMACIST
COSMETOLOGIST
FIREMAN
MODEL
FOOD PROCESSING TECHNICIAN



6 7

HUMAN BIOLOGY
LEVEL: JUNIOR HIGH

ACTIVITY: THE LIFE SCIENCE CAREERS IN MY AREA AND HOW IMPORTANT
ARE THEY.

MATERIALS: PICTURES OF PEOPLE IN LIFE SCIENCE CAREERS
SCISSORS
DATA SHEET

INTRODUCTION: ALL OF US HAVE CERTAIN IDEAS ABOUT PEOPLE: WHAT THEY
ARE LIKE, WHAT THEY CAN DO, IF THEY ARE IMPORTANT OR HELPFUL. Do

YOU THINK YOUR IDEAS HAVE OR WILL CHANGE ABOUT PEOPLE? IN THIS

ACTIVITY YOU CAN DISCOVER WHAT PEOPLE THINK ABOUT THE IMPORTANCE OF
LIFE SCIENCE CAREERS IN YOUR AREA. (THIS ACTIVITY CAN BE RELATED
TO ALL CAREERS.)

PROCEDURE:
HAVE STUDENTS IDENTIFY WHAT THEY BELIEVE ARE LIFE SCIENCE

OCCUPATIONS IN THEIR COMMUNITY. AFTER THIS IS DONE, EACH STUDENT
SHOULD DRAW OR CUT TAT PICTURES FOR 10 FLASH CARDS OF DIFFERENT
OCCUPATIONS. THEN INTERVIEW PEOPLE TO GET THEIR VIEWS. BEFORE YOU
START SHOWING THE PICTURES YOU SHOULD EXPLAIN TO THE PERSON YOU
ARE TO INTERVIEW WHAT YOU ARE GOING TO DO. MAKE SURE THEY UNDER.*

STAND BEFORE YOU START. GIVE HIM OR HER A COPY OF THE DATA SHEET
SEE EXAMPLE). HAVE EACH PERSON RANK EACH OCCUPATION AS:
1) NOT AL ALL IMPORTANT; (2) NOT VERY IMPORTANT; (3) IN THE MIDDLE;

(4) IMPORTANT; (5) VERY IMPORTANT; AND MARK THEIR DECISION ON THE
DATA SHEET. BE SURE THE PERSON YOU INTERVIEW FILLS IN THE INFORMATION
ON AGE AND SEX ON THE DATA SHEET. YOU WILL WANT TO INTERVIEW ALOT

OF PEOPLE FROM A WIDE RANGE OF AGE GROUPS,

INTERPRETATIONS:

FIRST PLAN HOW YOU WILL ORGANIZE YOUR DATA. YOU MAY WANT TO
ORGANIZE IT BY AGE GROUPS OR ADULTS AND STUDENTS OR BOYS, GIRLS,
MEN AND WOMEN, ETC. COMPARE YOUR RESULTS. USE YOUR IMAGINATION.
TRY TO THINK OF DIFFERENT WAYS TO COMPARE THE RESULTS. CAN YOU

MAKE A BULLETIN BOARD DISPLAY OF THE SURVEY RESULTS? Do PEOPLEtS

FEELINGS ABOUT PEOPLE CHANGE AS THEY GROW OLDER? Do BOYtS FEELINGS

DIFFER FROM THOSE OF GIRLS? Do MENtS FEELINGS DIFFER FROM THOSE OF
WOMEN?
POSSIBLE LIFE SCIENCE CAREERS IN MOST COMMUNITIES:
PHYSICIAN DAIRY FARMER
NURSE MEAT CUTTER
BIOLOGY TEACHER FARMER
DIETITIONS RANCHER
OPTOMETRIST VETERINARIANS

DENTIST FISH & WILDLIFE BIOLOGIST
BARBER RECREATION LEADER 6

COSMOTOLOGIST MEDICAL LAB TECHNICIAN-
FORESTER FEED LOT MANAGER
HORTICULTURIST RANGE MANAGER
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EXAMPLE DATA SHEET

!SEX NOT AT NOT I N THE IMPORT- VERY

ALL IMPORTANT VERY MIDDLE ANT IMPORT-

AGE IMPORTANT ANT

,OCCUPATION

1. FARMER

2.

6.

ge
9-

lo. 1
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HUMAN BIOLOGY
LEVEL: JUNIOR HIGH

'ACTIVITY: How CAN WE TEST FOODS FOR NUTRIENTS?

MATERIALS: POTATO MEDICINE DROPPER
SODA CRACKER SCALPEL
BREAD TEST TUBES
KARO SYRUP TEST TUBE HOLDER
MILK GRADUATE
APPLE BENEDICT'S SOLUTION

WATER BATH

PROCEDURE: (STARCH TEST).
A. CUT A POTATO AND USE A SCALPEL TO GET SOME POTATO SCRAPINGS.

PLACE A LEVEL TEASPOONFUL OF SCRAPINGS IN A TEST TUBE.

B. WITH A MEDICINE DROPPER, ADD JUST ENOUGH DILUTE IODINE
SOLUTION TO COVER THE POTATO SCRAPINGS IN THE TEST TUBE.
WAIT ABOUT 1 MINUTE AND THEN POUR OUT THE LIQUID AND OBSERVE
WHAT HAS HAPPENED TO THE SCRAPINGS. RECORD YOUR OBSERVATION
IN YOUR NOTEBOOK.

C. DO STEP B AGAIN USING THE FOLLOWING FOODS:
1/2 SODA CRACKER, 10 ML OF MILK, SMALL PIECE OF BREAD,
LEVEL TEASPOON OF APPLE SCRAPINGS, 5 ML OF SYRUP. BE SURE
TO USE A CLEAN TEST TUBE OR WASH YOUR TEST TUBE WELL AFTER
USING EACH FOOD. RECORD YOUR OBSERVATIONS.

(SUGAR TEST)
D. USING 4 GRADUATE CYLINDER, MEASURE OUT 5 ML OF WHITE KARO

SYRUP AND POUR IT INTO A TEST TUBE. ADD 5 ML OF BENEDICT'S
SOLUTION.

E. PLACE THE TEST TUBE IN A BOILING WATER BATH.

F. AS SOON AS A DEFINITE COLOR CHANGE OCCUR$0 REMOVE THE
TEST TUBE FROM THE BEAKER. A COLOR CHANGE TO GREEN, YELLOW
OR RED INDICATES SUGAR IS PRESENT. TEST THE OTHER FOODS
THE SAME WAY AND RECORD RESULTS IN YOUR NOTEBOOK.

INTERPRETATIONS:
1. DOES A POTATO CONTAIN STARCH? IF SO, HOW DO YOU KNOW?

2. DOES KARO SYRUP CONTAIN SUGAR? IF SO HOW DO YOU KNOW?

3. IF YOU HAD SOMEONE IN YOUR HOME WHO COULD NOT EAT STARCH,
HOW COULD YOU TELL IF A CERTAIN FOOD COULD BE EATEN BY
THAT PERSON?

4. TO WHAT MAIN GROUP OF NUTRIENTS DO SUGAR AND STARCH BELONG?

SO



HUMAN BIOLOGY
LEVEL: JUNIOR HIGH

ACTIVITY: DOES SALIVA HAVE AN AFFECT ON STARCH?

MATERIALS;

(PER TEAM)
DIALYSIS MEMBRANE
STARCH SOLUTION
IODINE SOLUTION
BENEDICTS SOLUTION
STRING

WATER BATH
TEST TUBE
TEST TUBE HOLDER
MEDICINE DROPPERS
RUBBER BAND

TO THE TEACHER: THIS ACTIVITY CAN BE USED WITH A UNIT ON FOODS' AND
NUTRITION TO SHOW WHY FOOD HAS TO BE BROKEN DOWN. STUDENTS SHOULD
BE ABLE TO TEST FOR SUGAR AND STARCH BEFORE THIS ACTIVITY IS RUN.
STARCH SOLUTION SHOULD BE PREPARED BY ADDING 5 G. OF STARCH TO 500
ML OF WARM WATER. STIR THOROUGHLY, AND HEAT UNTIL THE CLOUDY MIX"
TJRE BEGINS TO CLEAR, ONE SHOULD EXPLAIN HOW THE MEMBRANE IS THE
SAME AS A CELL IN THE BODY.

PROCEDURES (DAY 1):
A. TEST 5 ML OF STARCH SOLUTION FOR SUGAR, USING 5 ML OF

BENEDICT'S SOLUTION. RECORD RESULTS IN YOUR NOTEBOOK.
TEST 3 ML OF SALIVA FOR SUGAR, USING 3 ML OF BENEDICT'S
SOLUTION. RECORD RESULTS.

B. SECURELY TIE ONE END OF THE DIALYSIS MEMBRANE. PREPARE A
MIXTURE CONTAINING 10 ML OF STARCH SOLUTION AND 4 ML OF
SALIVA. CAREFULLY POUR THE MIXTURE INTO THE DIALYSIS MEMBRANE.
RINSE THE OUTSIDE OF THE MEMBRANE WITH CLEAN WATER.

C. PLACE THE MEMBRANE IN A TEST TUBE, OR SMALL BEAKER. SUPPORT
THE MEMBRANE BY FOLDING ITS UNTIED END OVER THE EDGE OF THE
TEST TUBE. FASTEN WITH A RUBBER BAND. MAKE SURE THE CONTENTS
DO NOT SPILL OUT THROUGH THE UNTIED END. FILL THE TEST TUBE
OR BEAKER WITH WATER.

D. NEAR THE END OF THE CLASS PERIOD, REMOVE WITH A MEDICINE
DROPPER) ABOUT 3 ML OF THE MIXTURE FROM INSIDE THE MEMBRANE.
TEST THIS SAMPLE FOR THE PRESENCE OF SUGAR AND STARCH, AND
RECORD RESULTS ON YOUR CHART. WITH A CLEAN MEDICINE DROPPER,
REMOVE ABOUT 3 ML OF WATER FROM THE TEST TUBE (OUTSIDE THE
MEMBRANE), AND TEST FOR STARCH AND SUGAR. RECORD RESULTS.
LEAVE THE DIALYSIS MEMBRANE IN THE CONTAINER OF WATER UNTIL
THE NEXT DAY.

PROCEDURE (DAY 2):
AT THE BEGINNING OF THE PERIOD, REPEAT PROCEDURE D. RECORD

RESULTS IN YOUR NOTEBOOK.

INTERPRETATIONS:
1. WHAT EFFECT DID THE SALIVA SEEM TO HAVE ON STARCH?

2. WHY DO YOU THINK IT IS IMPORTANT FOR FOOD TO BE DIGESTED INTO
SMALL PARTICLES?
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li
HUMAN BIOLOGY

LEVEL: 7TH10TH

ACTIVITIES:
A. MAPPING THE TASTE RECEPTORS IN THE TONGUE

CERTAIN PARTS OF THE TONGUE ARE SENSITIVE TO CERTAIN KINDS OF

TASTES. THESE FOUR TASTES ARE SALTY, SWEET, SOUR, AND BITTER.
YOU CAN MAP THESE AREAS ON THE TONGUE BY PLACING A SMALL AMOUNT OF
DIFFERENT TASTING SUBSTANCES ON A FRIEND'S TONGUE AND NOTING THE
AREAS WHERE HE TASTES THE SUBSTANCE.

FIRST, USE A SOLUTION OF VINEGAR IN WATER. APPLY THE SOLUTION
TO THE BACK, SIDES AND TIP OF THE TONGUE WITH A SMALL BRUSH, GLASS
ROD, OR TOOTHPICK. ASK YOUR FRIEND TO TELL YOU WHEN HE TASTES SOME

THING. NEXT, TRY A 10 PER CENT SOLUTION OF SALT. FOLLOW WITH
ASPIRIN IN WATER FOR BITTER TASTE AND A 15 PER CENT SOLUTION OF
CANE SUGAR FOR THE SWEET TASTE. SHADE IN THE AREAS IN WHICH TASTE

RECEPTORS ARE PRESENT FOR EACH SUBSTANCE. BE SURE HE RINSES HIS

MOUTH WITH WATER BETWEEN EACH TASTE TEST. COMPARE YOUR RESUC'S

WITH THOSE OF YOUR CLASSMATES.

B. HOW DO THE SENSES OF SIGHT AND SMELL AFFECT THE SENSE OF TASTE?
CHOOSE FIVE FOODS THAT HAVE DISTINCT SMELLS AND TRY TO IDENTIFY

THEM WITH YOUR EYES CLOSED AND HOLDING YOUR NOSE. DESCRIBE YOUR

RESULTS BELOW.

C. HABITS
HAVE A FELLOW STUDENT DICTATE THE FOLLOWING PARAGRPPH TO YOU

WHILE YOU COPY IT AS FAST AS YOU POSSIBLY CAN ON ANOTHER SHEET OF

PAPER.
"THE TERRIBLE TANAWANDA INDIANS ENTERED THEIR TEPEES

WITH TERRIFIC HASTE. IT IS CERTAIN THAT THEY HAVE NO
FIXED PATTERNS 0: BEHAVIOR OR THEY WOULD NOT HAVE DONE

SO WITH SUCH A STARTLING NOISE."
RECORD THE TIME IT TOOK YOU TO WRITE THE ABOVE PARAGRAPH

NOW HAVE THE STUDENT DICTATE THE PARAGRAPH AGAIN, BUT THIS TIME

DO NOT.CROSS ANY T OR DOT ANY I. TRY TO COPY THE PARAGRAPH AS

QUICKLY AS POSSIBLE.
RECORD THE TIME IT TOOK YOU TO WRITE THE ABOVE PARAGRAPH.
RECORD THE NUMBER OF DOTTED I'S AND CROSSED T'S.
WHAT WERE YOU FORCING YOURSELF TO DO THE SECOND TIME YOU WROTE

THE PARAGRAPH (IN TERMS OF HABIT)?

WHAT IS THE VALUE OF THIS HABI7?

D. REFLEX ACTION
SIT WITH ONE LEG CROSSED LOOSELY OVER THE OTHER. STRIKE YOUR

LEG JUST BELOW THE KNEECAP WITH THE EDGE OF YOUR HAND. A REFLEX

ACTION WILL CAUSE YOUR LEG TO JERK UP. TRY IT ON YOUR CLASSMATES

ALSO.
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7)

E. SENSATION IN THE SKIN

PROBLEM:
WE KNOW THAT THE SENSE OF TOUCH IS LOCATED IN THE SKIN. BUT THERE

ARE NERVE ENDINGS FOR OTHER SENSATIONS THAN TOUCH IN THE SKIN.

WHERE ARE SOME OF THE DIFFERENT NERVE ENDINGS LOCATED !N THE SKIN?

MATERIALS: STRAIGHT PINS CORK

NAILS ICE

HOT WATER

PROCEDURE:
PUSH TWO PINS THROUGH A CORK SO THAT THE PO!.NTS STICK OUT ABOUT

I/4 INCH APART, BLINDFOLD A STUDENT AND PRESS THE POINTS OF THE

PINS LIGHTLY AGAINST THE SKIN ON THE FINGERS AND ON THE BACK OF
THE HAND., BEING CAREFUL NOT TO CAUSE PAIN, NOTE WHEN THE STUDENT

CAN DETECT ONE POINT OR TWO POINTS. NOW USING A COLD NAIL AND A

WARM NAIL, PRESS THE POINTS OF EACH ON DIFFERENT PARTS OF THE BACK

OF THE HAND, DETERMINE WHEN THE SENSATIONS OF COLD OR WARM CAN

BE CLEARLY FELT.

OBSERVATIONS:
ON A OUTLINE DRAWING OF THE HAND MARK THE PLACES WHERE THE

PRESSURE OF THE SEPARATE PIN POINTS CAN BE FELT WITH A Pp THE
PLACES WHERE THE COLD NAIL CAN BE DETECTED WITH .A CL, AND THE

PLACES WHERE THE WARM NAIL CAN BE FELT WITH A W. COMPARE THE

NERVE - ENDING "MAPS" OF DIFFERENT STUDENTS.
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H&J4AN BIOLOGY

LEVEL: JR, HIGH OR HIGH SCHOOL

ACTIVITY: LOCATING THE BLIND SPOT
THERE ARE NO CONES OR RODS IN THE RETINA AT THE AREA WHERE THE

OPTIC NERVE FIBERS AND THE EYEBALL JOIN. THEREFORE, THERE IS NO'

SIGHT AND THIS AREA IS CALLED THE BLIND SPOT.

PROCEDURE AND OBSERVATIONS:
MAKE A CROSS ON THE LEFT SIDE OF A SHEET OF PAPER. ABOUT 3

INCHES AWAY PLACE A SMALL CIRCLE. CLOSE YOUR LEFT EYE AND HOLD THE

PAPER ABOUT TWELVE INCHES FROM THERIGHT EYE. LOOK AT THE CROSS;

THE CIRCLE WILL BE SEEN BY INDIRECT VISION. GRADUALLY, BRING THE
PAPER CLOSER TO THE EYE, OR FARTHER AWAY FROM ITS UNTIL YOU CAN
NO LONGER SEE THE CIRCLE, MEASURE THIS DISTANCE. (A) WHY DOES THE

CIRCLE DISAPPEAR AT THIS POINT?
(B) IS THE DISTANCE THE SAME FOR ALL MEMBERS OF THE CLASS?
(C) IF NOT, EXPLAIN WHY THERE IS A DIFFERENCE.

POSITIVE AND NEGATIVE AFTERIMAGES:
THE LENGTH OF TIME REQUIRED FOR A STIMULUS TO PRODUCE A SENSATION

IS VERY SHORT. HOWEVER, THE SENSATION LASTS A GREAT DEAL LONGER

THAN THE STIMULUS. FOR EXAMPLE, AN ELECTRIC SPARK MAY LAST ONLY
1/18,000,CCO OF A SECOND, YET ITS VISIBLE IMAGE LASTS MUCH LONGER.
THIS IS REFERRED TO AS AN AFTERIMAGE. WHEN THE AFTERIMAGE IS THE

SAME COLOR AS THE ORIGINAL, IT IS CALLED A POSITIVE AFTERIMAGE.
NEGATIVE AFTERIMAGES APPEAR IN THE COMPLIMENTARY COLORS OF THE ORIG..

INALS'
MATERIALS:
WHITE LIGHT SOURCE COLORED LIGHT SOURCE

2 X 2 -INCH RED - COLORED PAPER (ADDITIONAL SHEET OF WHITE PAPER

COLORS MAY BE USED). SHEET OF RED PAPER (ADD-
ITIONAL COLORS MAY BE

USED).

PROCEDURE AND OBSERVATIONS:
ADAPT YOUR EYES TO THE DARK BY SITTING IN A DARKENED ROOM FOR

10 MINUTES. THEN TURN ON THE LIGHT FOR A SECOND AND LOOK AT THE

WHITE BULB. TURN OFF THE LIGHT. (A) WHAT KIND OF AFTERIMAGE

APPEARED?
(e) HOW LONG DID IT LAST?
NOW REPEAT THE EXPERIMENT SUBSTITUTING COLORED LIGHTS FOR THE WHITE

ONES. (C) DESCRIBE WHAT HAPPENED.
(D) WHAT KIND OF AFTERIMAGE APPEARED?
CLOSE YOUR EYES AND FOLLOW THE AFTERIMAGE. (E) DOES THE AFTERIMAGE

FOLLOW THE EYE MOVEMENTS? (F) EXPLAIN YOUR ANSWER.

NOW LOOK INTENTLY FOR 20 -30 SECONDS AT A SMALL RED (OTHER COLORS

MAY BE SUBSTITUTED) CARD AND THEN AT A SHEET OF WHITE PAPCR. (G)

DESCRIBE WHAT HAPPENED,
(H) WHAT KIND OF AFTERIMAGE APPEARED?
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LOOK AT THE RED CARD AGAEN. THEN LOOK AT A SHEET OF RED PAPER.
(I) DESCRIBE WHAT HAPPENED.

Focus YOUR EYES ON A COLORED OBJECT FOR 20 -30 SECONDS. LOOK AT
A WHITE SURFACE FOR A SECOND AND THEN CLOSE YOUR EYES. (J) DESCRIBE

WHAT HAPPENED.
(K) WHAT KIND OF AFTERIMAGE APPEARED?

WHAT CAREERS INVOLVE UNDERSTANDING THE ANATOMY AND PHYSIOLOGY
OF THE EYE?
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HUMAN BIOLOGY
LEVEL: HIGH SCHOOL

ACTIVITY: EFFECT OF TOBACCO ON CELL LIFE

1. SOAK TWO CIGARETTES, A CIGAR, OR A QUANTITY OF SMOKING TOBACCO

OVER NIGHT IN A TUMBLER OF WATER. FROM A CULTURE RICH IN PROTOZOA

TAKE A DROP AND PLACE IT ON A GLASS SLIDE. ADD A DROP OF TOBACCO

WATER. EXAMINE WITH LOW POWER OF A COMPOUND MICROSCOPE.

A. WHAT IS THE EFFECT OF A TOBACCO SOLUTION ON PROTOZOA?

Bo ACCOUNT FOR THE ACTION OF TOBACCO SOLUTION ON ONE CELLED

LIFE.

C. DOES TOBACCO AFFECT LARGER ANIMALS LIKE MAN IN THE SAME

WAY?

D. '7 ES TOBACCO SMOKING gliARD THE GROWTH OF YOUNG PEOPLE?

E. WHY DOES THE ATHLETIC COACH FORBID THE USE OF TOBACCO BY

THE PLAYERS?

2. PLACE A GOLDFISH IN A BEAKER ONE HELF FULL OF WATER. ADD A

QUANTITY OF TOBACCO WATER.

A. DOES THE GOLDFISH ACT IN A NORMAL WAY?

B. How LONG A TIME ELAPSES BEFORE HE BECOMES UNCONSCIOUS?

C. DOES THE FISH RISE TO THE SURFACE OR SINK TO THE BOTTOM?

3. As SOON AS THE GOLDFISH APPEARS TO BE "DEAD," PLACE HIM IN THE

CLEAR WATER OF THE AQUARIUM.

A. HOW LONG BEFORE HE IS NORMAL AGAIN?

.0

B. WHAT IS THE EFFECT OF TOBACCO WATER ON A GOLDFISH?

C. DOES TOBACCO DO AS MUCH HARM TO MAN AS TO GOLDFISH?

D. JUST HOW DOES TOBACCO AFFECT MAN?

E. WHICH IS MORE HARMFUL, SMOKING TOBACCO OR CHEWING TOBACCO?
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HUMAN BIOLOGY
LEVEL: HIGH SCHOOL

ACTIVITY: TYPING BLOOD

IT IS A SIMPLE PROCEDURE TO TYPE YOUR BLOOD. FIRST WASH THE
TIP OF YOUR MIDDLE FINGER WITH ALCOHOL. STERILIZE THE PO/NT OF A
NEEDLE BY HOLDING IT IN A FLAME FOR A FEW SECONDS, OR OBTAIN A
STERILE, DISPOSABLE BLOOD LACET FROM ANY BIOLOGICAL-SUPPLY HOUSE).
STROKE THE MIDDLE FINGER TOWARD THE TIP, PRESSING AS YOU STROKE,
UNTIL BLOOD IS FORCED TOWARD THE TIP. PRICK THE SKIN NEAR THE TIP
TO DRAW A DROP OF BLOOD.

YOUR LOCAL HOSPITAL, DRUGSTORE OR BIOLOGICAL SUPPLY HOUSE CAN
PROBABLY FURNISH YOU WITH SOME DATED SERUM CONTAINING AGGLUTININS.
PLACE ONE DROP OF ANTI -A SERUM ON ONE SIDE OF A SLIDE AND ONE DROP
OF ANTI -B SERUM ON THE OTHER SIDE. THEN PLACE ONE DROP OF BLOOD
INTO THE ANTIA SERUM AND MIX WITH A CLEAN TOOTHPICK. USING
ANOTHER CLEAN TOOTHPICK, DO THE SAME ON THE OTHER HALF OF THE SLIDE
WITH THE ANTIB SERUM. DO NOT MIX THE TWO SERUMS W;TH THE SAME TOOTH-
PICK. You MAY SEE (1) NO CLUMPING ON EITHER SIDE, (2) CLUMPING
ON ONE OR THE OTHER SIDE, OR (3) CLUMPING ON BOTH SIDES. IN THE
SPACE BELOW, DRAW WHAT YOU SAW ON THE SLIDE YOU PREPARED.

1. IF ANTI -A CLUMPED YOUR BLOOD, BUT ANTI -B DID NOT WHAT IS YOUR
TYPE?

2. IF ANTI -B CLUMPED YOUR BLOOD, BUT ANTI -A DID NOT, WHAT IS YOUR
TYPE?

3. IF BOTH ANTIA AND ANTI -B CLUMPED YOUR BLOOD, WHAT IS YOUR

TYPE?
4. IF NEITHER SERUM CLUMPE.) YOUR BLOOD, WHAT IS YOUR TYPE?
To THE TEACHER: ANSWER TO 1. TYPE A; 2. TYPE B; 3. TYPE AB;
4. TYPE 0.
NAME THE PEOPLE IN THE MEDICAL PROFESSION, WHO SHOULD KNOW HOW TO
TYPE BLOOD.

DONARS
BLOOD

RECIPIENT'S BLOCD + HAS ANTIGENS
. AB A :. B 0 i ___ -HAS No ANTIGENS__

AB .4- - 1 - i - ; TYPE IAtB 0 AB
A + i +I-I-I Au

I

TI-A I + , - - -
i

B +0' - +
i - ANT 1-B 1 - 1 + I - +

0 ! 4. ! + ; + , + 1

_ ._ ..

IN TESTING FOR BLOOD
IF BLOOD COAGGULATES WITH ANTI -A SERUMS THE TYPE IS A AND NOT B.
IF BL000 COAGGULATES WITH ANTIB SERUM THE TYPE IS B.
IF BLOOD COAGGULATES WITH BOTH A AND B- THE TYPE IS AB.
IF THERE IS NO COAGGULATION IT IS TYPE 0.

RH TEST IF BLOOD COAGGULATES IT IS RH POSITIVE.

IF IT DOES NOT COAGGULATE IT IS RH NEGATIVE (USING ANTI -RH SERUM.)
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STRUCTURE OF MATTER
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CHEMISTRY - STRUCTURE OF MATTER

ARCHITECTS
BIOCHEMIST
BIOLOGISTS
CHEMIST
DENTAL HYGENIST
DENTIST
DIETITIANS
ENGINEERING TECHNICIAN
CHEMICAL ENGINEER
GEOLOGIST -

GEOPHYSICIST
HOME ECONOMIST
INDUSTRIAL DESIGNER
INDUSTRIAL TRAFFIC MANAGER

LIFE SCIENTIST
MEDICAL LAB WORKERS
MEDICAL TECHNOLOGIST
METEROLOGIST
OCEANOGRAPHER
PHARMACISTS
PHOTOGRAPHER
PHYSICIANS
PHYSICIST
PRACTICAL NURSR
REGISTERED NURSE
ELEMENTARYeTEACHER
TEACHER SECIINDARYCOLLEGE
TECHNICAL WRTER
VETERINARIAN
TELEGRAPHER
TELEPHONER
BRICK LAYER
FLOOR COVERING INSTALLER
PAINTER
PLASTERER
ROOFER
SIGNAL MAINTAINER
STRUCTURAL STEEL WORKER
PHOTO ENGRAVER
STATIONARY ENGINEER
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FBI AGENT
POLICEMEN & WOMEN
STEWARDESSES
AGRIBUSINESS TECHNCIAN
AGRICULTURE EXTENSION WORKER
DAIRY PRODUCTION TECHNICIAN
FARM-CROP PRODUCTION TECHNICIAN
FARMER

FISH & WILDLIFE TECHNICIAN
FISH CULTURE TECHNICIAN
FORESTER
FORESTERY PRODUCTION TECHNICIAN
LIVESTOCK PRODUCTION TECHNICIAN
ORCHARD TECHNICIAN
HORTICULTURIST
PARKS LAND MANAGEMENT TECHNICIAN
RANGE MANAGEMENT
SOIL CONSERVATIONIST
SOIL SCIENTIST
ELECTROPLATER
FOOD PROCESSING TECHNICIAN
COMPOSING ROOM OPERATOR
INDUSTRIAL MAINTENANCE MECHANIC
INSTRUMENT MAKER
MACHINE TOOL OPERATOR
PATTERN MAKER
TOOL & DYE MAKER
DENTAL LABORATORY TECHNICIAN
JEWLERS & JEWEL REPAIRMEN
OPTICIAN
OPTICAL MECHANIC
CEMENT MASON
GLAZIER
PAPER HANGER
PLUMBER PIPE FITTER
SHEET METAL WORKER
STONE MASON
WELDER
POWER PLANT OPERATOR



ACTIVITY:

STRUCTURE OF MATTER
LEVEL: JUNIOR HIGH

INVESTIGATION PHYSICAL

MATERIALS: SUGAR

TABLE SALT
BAKING SODA
CORNSTARCH
DRY POWDERED MILK
5 PLASTIC PAILS
PLASTIC SPOONS
SMALL PAPER CUPS
ALUMINUM FOIL
EYEDROPPERS

WOODEN CLOTHES PIN

i 1

& CHEMICAL PROPERTIES OF UNKNOWNS

(OTHER POWDERS WHICH COULD BE USED)
GROUND ALKASELTZER
TOOTH POWDER
PLASTER OF PARIS
(ANY OTHER "WHITE" POWDER)
BLACK CONSTRUCTION PAPER
HAND LENSES
VINEGAR (WHITE)
IODINE DILUTE
STERNO CANS
(SQUEEZE TYPE)

PROCEDURE:

HAVE STUDENTS PREPARE IN THEIR NOTEBOOKS OR ON A SHEET OF PAPER
A LAB RECORDING SHEET.

POWDER

NUMBER

1

WHAT 1 THINK

IT IS

I I

WHY I THINK SO

1

HAVE STUDENTS NUMBER 5 CUPS. THE TEACHER SHOULD HAVE 5 DIFFERENT
MYSTERY POWDERS IN PAIL IN THE BACK OF ROOM. HAVE STUDENTS GET
MATERIALS IN THEIR CUPS. ON THE FIRST DAY LET THEM ONLY USE THEIR
SENSES TO TRY TO GUESS WHAT THE POWDER IS. STUDENTS SHOULD RECORD
ANY GUESS ON THE LAB SHEET AND WHY THEY THINK SO. AFTER THE CLASS
HAS INVESTIGATED THE POWDERS DISCUSS ALL OF THE CLASS GUESSES AND
REASONS. IF POSSIBLE RECORD THE CHOICES ON THE BOARD FOR FUTURE
REFERENCE.

NEXT HAND OUT TO STUDENTS ONE HALF SHEET OF BLACK CONSTRUCTION
PAPER AND A CUP OF WATER. LET STUDENTS INVESTIGATE PROPERTIES WITH
THESE MATERIALS. THEY SHOULD REVISE THEIR GUESSES AND REASONS AFTER
THIS IS DONE. REMIND STUDENTS THEY ARE TO FIND PROPERTIES OF A
CERTAIN POWDER SO THEY CAN IDENTIFY IT IF IT IS MIXED WITH OTHER
POWDERS.

IN THE NEXT SESSION STUDENTS SHOULD USE VINEGAR, IODINE AND HEAT,
TO CHECK SOME OF THE CHEMICAL PROPERTIES. WHEN USING HEAT, CUPS TO
HOLD POWDERS OVER THE FLAME SHOULD BE FORMED OUT OF TINFOIL AND
THEN HELD OVER THE FIRE WITH CLOTHES PINS.
STUDENTS SHOULD HAVE IDENTIFIED THE POWDERS
APART. IF THEY CAN NOT TELL WHAT THEY ARE,

IN THE NEXT SESSION MIX THE POWDERS AND
TELL WHICH POWDERS ARE IN THE MIXTURES FROM
EARLIER.
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STRUCTURE OF MATTER
LEVEL: JUNIOR HIGH

ACTIVITY: WHAT IS THE DIFFERENCE BETWEEN A MIXTURE AND A COMPOUND?

MATERIALS: TEASPOON

SULFUR (s)
IRON FILINGS (FE)

CARBON DISULFIDE (CS2)
EVAPORATING DISH
GLASS FUNNEL

PROCEDURE:

RING STAND WITH CLAMP
PYRE$ TEST TUBE
FILTER PAPER
RAG OR CLOTH
BUNSEN BURNER
HAMMER

A. THOROUGHLY MIX 1 TEASPOON OF SULFUR WITH 1A TEASPOON OF
IRON FILINGS IN A TEST TUBE. POUR SOME CARBON DISULFIDE
(CS2) ON THIS MIXTURE. CAUTION: DO NOT HAVE A BUNSEN
BURNER GOING WHILE THE CARBON DISULFIDE IS BEING USED.

B. FILTER THE RESULTING MIXTURE THROUGH A FILTER PAPER.

Co MIX A SECOND MIXTURE OF SULFUR AND IRONS AS YOU DID BEFORE.
HEAT TO A HIGH TEMPERATURE. ROTATE THE TEST TUBE AS YOU
HEAT THE MIXTURE, SO THE TEST TUBE WILL HEAT EVENLY AND
WILL NOT BREAK. HEAT UNTIL THE MIXTURE SHOWS NO MORE
ACTIVITY. (DO NOT BREATHE THE FUMES.)\ THE MIXTURE WILL
BEGIN TO GLOW AS THE CHEMICAL REACTION OCGINS.

D. LET THE TEST TUBE COOL. WRAP IT IN A CLOT. BREAK IT WITH
A HAMMER. THE CLOTH WILL PREVENT THE GLASS FROM FLYING.
THE COMPOUND WILL THEN BE OUT OF THE TEST TUBE.

E. POUR SOME CARBON DISULFIDE ON THIS COMPOUNDS AS YOU DID IN
STEP A. TRY TO SEPARATE THE IRON FROM THE SULFUR BY FILTERING.

WHAT 00 WE SEE?

1, DESCRIBE WHAT HAPPENED IN STEP A.

2. WHY WAS THE FILTER PAPER NECESSARY?
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3. DESCRIBE WHAT YOU SAW AS THE IRON AND SULFUR MIXTURE WAS
HEATED TO A HIGH TEMPERATURE.

4. DESCRIBE WHAT THE IRON AND SULFUR LOOKED LIKE AFTER THE
CHEMICAL REACTION CAUSED BY HEATING HAD TAKEN PLACE.

t

5. COULD YOU SEPARATE THE IRON FROM THE SULFUR IN STEP E?
IF NOT, WHY NOT?

WHAT DO WE LEARN? t

1. EXPLAIN HOW THE IRON WAS CHANGED IN THIS EXPERIMENT AFTER
THE IRON AND SULFUR MIXTURE WAS HEATED TO A HIGH TEMPERATURE.

2. COMPLETE THE FOLLOWING EQUATION:

FE + S

(tRoN) (suLFUW7-------- (IRON SULFIDE)

3. HOW DO YOU KNOW IRON SULFIDE IS A COMPOUND?

4. DOES IRON SULFIDE LOOK LIKE EITHER IRON OR SULFUR? IF NOT,

HOW IS IT DIFFERENT?

5. WHAT IS A MIXTURE?

6. WHY WERE THE IRON FILINGS AND SULFUR A MIXTURE RATHER THAN
A COMPOUND?

9Z
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STRUCTURE OF MATTER
LEVEL: HIGH SCHOOL

ACTIVITY: GROWING CRYSTALS

PROBLEM:

CRYSTALS ARE USED FOR MANY PURPOSES IN SCIENTIFIC RESEARCH AND IN
INDUSTRY. FOR MANY PURPOSES, CRYSTALS GROWN UNDER CAREFULLY CON-
TROLLED CONDITIONS ARE MORE VALUABLE THAN CRYSTALS FOUND IN NATURE
HOW CAN CRYSTALS BE GROWN IN THE LABORATORY?

MATERIALS:
ALUM (POTASSIUM ALUMINUM SULFATE) CLEAN GLASS JARS WITH SCREW
PAN LIDS
HOT PLATE OR BURNER MAGNIFIER
FORECEPS SEWING THREAD
SOFT CLOTH

PROCEDURE:

POUR 100 GRAMS OF ALUM INTO A JAR CONTAINING 500 ML OF WATER.
PUT THE JAR IN A PAN OF WATER AND HEAT THE PAN AND THE JAR, BUT
DO NOT HEAT THE WATER TO THE BOILING POINT. STIR THE SOLUTION
UNTIL ALL THE ALUM IS DISSOLVED. POUR SOME OF THIS SOLUTION INTO
TWO SMALL JARS TO A DEPTH OF ABOUT 1 CM AND LET THESE STAND FOR A
FEW DAYS UNTIL SMALL SEED CRYSTALS BEGIN TO FORM. AS YOU SEE NICELY
SHAPED CRYSTALS FORMING, CAREFULLY REMOVE THE MOST REGULARLY-SHAPED
ONES WITH A FORECEPS AND DRY THEM ON A PAPER TOWEL.

SEAL THE JAR CONTAINING THE BALANCE OF THE STOCK SOLUTION AND

PUT IT IN'A CLOSET WHERE THE TEMPERATURE REMAINS ABOUT THE SAME
(AVOID EXTREME CHANGES IN TEMPERATURE FOR THE SOLUTIONS IN THIS
ENTIRE EXPERIMENT). LEAVE THE JAR UNTIL SOME OF THE ALUM BEGINS TO
SEPARATE ONTO THE BOTTOM OF THE JAR. IF THIS DOES NOT HAPPEN IN
ABOUT TWO DAYS, ADD A FEW SMALL PIECES OF ALUM AND STIR THE SOLU-
TION UNTIL THEY DISSOLVE.

POUR OFF THE CLEAR LIQUID INTO A QUART JAR AND ADD ABOUT 25 MORE
GRAMS OF ALUM. HEAT OND STIR AS BEFORE TO OBTAIN A SATURATED SOLUTION.
CUT A PIECE OF CARDWARD TO FIT INSIDE THE LID OF THE JAR, PASS A
THREAD THROUGH THE CARDBOARD, AND TAPE THE THREAD IN PLACE. THE

THREAD SHOULD BE LONG ENOUGH TO REACH ABOUT HALFWAY INTO THE SOLUTION.
WHEN THE SOLUTION HAS COOLED, TIE A SEED CRYSTAL TO THE BOTTOM OF
THE THREAD (OR FASTEN IT WITH A DROP OF AIRPLANE GLUE) AND HANG THE
SEED CRYSTAL IN THE SOLUTION. CHECK THE JAR TWO OR THREE TIMES
DURING THE NEXT HOUR TO BE SURE THE SEED CRYSTAL IS STILL IN PLACE

PLACE THE JAR IN A PLACE WHERE IT WILL NOT BE DISTURBED AND
WHERE THE TEMPERATURE IS EVEN. WIPE THE GROWING CRYSTAL EACH DAY
WITH A SOFT CLOTH TO PREVENT THE GROWTH OF SECONDARY CRYSTALS.
WHEN THE CRYSTAL HAS REACHED THE SIZE WANTED, REMOVE IT FROM THE
JAR, WIPE IT DRY WITH A CLEAN CLOTH, AND STORE IN A BOX LINED
WISH COTTON.

I
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OBSERVATIONS:

1. WHAT'IS THE SHAPE 0;- THE ALUM CRYSTAL?

2. How DOES THE SHAPE OF THE CRYSTAL COMPARE TO THAT OF THE SEED

CRYSTAL?

3. WHAT IS MEANT BY A SATURATED SOLUTION?

4. WHERE DOES THE MATERIAL FOR THE GROWTH OF THE CRYSTAL COME FROM?

5. WHAT OTHER CHEMICAL SALTS DO YOU THINK WILL FORM CRYSTALS FROM
A SOLUTION?

INTERPRETATION:

FILL IN THE BLANK WORDS IN THE FOLLOWING PARAGRAPH IN THE NUMBERED
SPACES AT THE RIGHT.

MOST MINERALS ARE CRYSTALLINE IN STRUCTURE. THAT 1..

IS THE (1) OR (2) MAKING UP THE CRYSTAL ARE ARRANGED 2
IN DEFINITE GEOMETRIC PATTERNS. EACH SURFACE OF A

CRYSTAL IS CALLED A (3), AND THE EDGES WHERE THESE 3

JOIN FORM THE (4). THERE ARE (5) BASIC CRYSTAL SYS- 4.

TENS. THESE MAY BE DESCRIBED IN TERMS OF HOW THEIR
(6), IMAGINARY LINES SHOWING THE DIRECTION IN WHICH 5

THE ATOMS OR MOLECULES ARRANGE THEMSELVES, ARE 6
ARRANGED. WHEN THREE AXES OF EQUAL LENGTH MEET AT
900 ANGLES, THE CRYSTAL FORMS A CUBE AND IS CALLED 7

(7).A COMMON CRYSTAL EXAMPLE OF THIS SYSTEM IS 8

SHOWN IN (8). IF THE THREE AXES ARE OF UNEQUAL
LENGTH AND CROSS EACH OTHER AT ANGLES OTHER THAN
900, THE CRYSTAL SYSTEM IS CALLED (9). A COMMON 10

MINERAL WHICH IS AN EXAMPLE OF THIS IS (10).

APPLICATION:

1. EXPLAIN WHY A SOLID METAL, SUCH AS A BAR OF IRON OR COPPER,
CAN BE CHANGED IN SHAPE BY STRETCHING OR HAMMERING.

2. WHAT CAREERS DO YOU THINK WOULD NEED TO KNOW SOMETHING ABOUT
CRYSTAL GROWTH?
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STRUCTUR: OF MATTER
LEVEL: HIGH SCHOOL

ACTIVITY: CHEMISTRY AND NEW MATERIALS

PROCEDURES: A. FLOTATION PROCESS

POUR A TEASPOONFUL OF COOKING OIL INTO A LARGE BEAKER OF WATER.
PREPARE A MIXTURE OF SAND AND IRON FILINGS. MIX THE FILINGS WITH
THE SAND SO THAT ABOUT ONE TEASPOONFUL OF FILINGS IS MIXED WITH
TEN :EASPOONSFUL OF SAND. YOUR RESULTS WILL BE BETTER IF THE FILINGS
ARE VERY FINE. THIS SAND AND IRON MIXTURE REPRESENTS THE ORE. ADD

THE ORE TO THE BEAKER OF WATER AND OIL AND STIR THOROUGHLY. MOST OF
THE IRON FILINGS WILL FLOAT ON THE SURFACE. THE OIL AND THE SAND
WILL STICK TO THE BOTTOM. YOU CAN FLOAT THE FILINGS RIGHT OFF THE
TOP OF THE BEAKER BY GENTLY ADDING WATER TO THE BEAKER.

B. HOW MUCH DO WE DEPEND UPON SYNTHETIC SUBSTANCES? AS A CLASS
STUDY, TAKE INVENTORY IN YOUR CLASSROOM OF THE VARIOUS ITEMS WHICH
ARE SYNTHETIC SUBSTANCES SUCH AS PLASTICS, SYNTHETIC FIBERS, ALLOYS,
AND SYNTHETIC RUBBER. EXTEND YOUR STUDY INTO YOUR HOME AND AUTO-
MOBILE. MAKE A LIST OF THESE OBJECTS BELOW.

OBJECT SYNTHETIC MATERIAL
1. 1.

2. 2.

3. 3.

4.

5. 5.

6. G.

C. VEGETABLE FIBERS SUCH AS LINEN OR COTTON, BURN DIFFERENTLY THAN
ANIMAL FIBERS, SUCH AS WOOL OR SILK. SYNTHETIC FIBERS BURN DIFFER-
ENTLY THAN EITHER VEGETABLE OR ANIMAL FIBERS. EACH HAS A CHARACTER-
ISTIC APPEARANCE IN FLAME AND A CHARACTERISTIC ODOR. TEST SAMPLES
OF THESE FIBERS AND RECORD YOUR RESULTS IN THE SPACES BELOW.

MATERIAL ODOR BURNING CHARACTERISTICS
(A) LINEN

(B) COTTON

(C) WOOL

(D) SILK

(E) RAYON

(F) DACRON

(G) ORLON

(H) NYLON
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STRUCTURE OF MATTER
LEVEL: HIGH SCHOOL

ACTIVITY: ELECTRON CONFIGURATION OF ATOMS

PROCEDURES: COMPLETE THE FOLLOWING STATEMENTS FORMING ACCURATE AND
COMPLETE SENTENCES.

1. SINCE THE NUCLEUS HAS A POSITIVE CHARGE DUE TO iTS PROTONS, AND
A NEUTRAL ATOM CONTAINS AN EQUAL NUMBER OF PROTONS AND OF NEG
ATIVELY CHARGED ELECTRONS WE MIGHT EXPECT ELECTRONS TO BE HELD
IN AN ATOM BY THE

2. THE SIMPLE "OPPOSITES ATTRACT" THEORY IS NOT SATISFACTORY FOR
EXPLAINING THE MOTION OF ELECTRONS ABOUT THE NUCLEUS OF AN ATOM
BECAUSE WE KNOW THAT ATOMS

1

2

3. FOR ANY WAVE MOTIONS THE SPEED OF PROPAGATION EQUALS THE PRODUCT
OF 3

4. THE ENERGY OF A PHOTONS E, MAY BE REPRESENTED BY THE EXPRESSION,
E= 4

5. WHEN EXCITED ATOMS RADIATE ENERGY, THE RADIATION IS EVOLVED IN
UNITS CALLED 5

6.- WHEN EXCITED ATOMS RETURN TO THEIR NORMAL STATES AND THE LIGHT
THEY EMIT IS PASSED THROUGH A SPECTROSCOPE, WE MAY OBSERVE A (N)

7. ENERGY TRANSITIONS WITHIN AN ATOM DO NOT OCCUR CONTINUOUSLY,
BUT ARE IN

6

7

8. THE KINDS OF SPECTRA WHICH ARE EXPLAINED SATISFACTORILY BY THE
BOHR CONCEPT OF THE ATOM ARE 8

9. A SPACE ORBITAL IS 9

10. THE INTERPENETRATION OF CNE FREE ATOM by ANOTHER IS PREVENTED BY
10

11. THE QUANTUM NUMBER WHICH INDICATES THE AVERAGE DISTANCE OF THE
ELECTRON FROM THE NUCLEUS OF THE ATOM IS THE 11

12. THE NUMBER OF ORBITAL SHAPES POSSIBLE IN THE 3RD FNERGY LEVEL IS
12

PROCEDURES: 13 -16. FOR EACH SUBLEVEL TYPE, FURNISH THE REQUIRED INFOR-

MATION.
SUB NUMBER OF SPACE MAXIMUM NUMBER OF LOWEST ENERGY LEVEL
LEVEL ORBITALS ELECTRONS HAVING THIS SUBLEVEL TYPE

S * 1

P 1

D 15

.16
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PROCEDURES: WRITE ANSWERS TO THE FOLLOWING IN THE SPACES PROVIDED.
MAKE COMPLETE STATEMENTS WHERE APPROPRIATE.

17. WHAT IS THE MOST STABLE STATE OF AN ATOM CALLED? 17

18. UNDER WHAT CONDITIONS MAY TWO ELECTRONS OCCUPY THE SAME SPACE
ORBITAL? i8

19 WHAT IS AN ELECTRON PAIR? 19

20. WHAT NAME IS GIVEN TO AN OUTER SHELL CONTAINING EIGHT ELECTRONS?
20

21. (A) WHICH SUBLEVELS OF THE 3RD ENERGY LEVEL ARE FILLED IN THE
ELEMENT ARGON (AR-ATOMIC NUMBER 18 )? 21A
(B) IN THE ELEMENT KRYPTON (KR- ATOMIC NUMBER 36)? 21B-

22. WHEN DO SUCCESSIVE ELECTRONS ENTERING THE 2P ORBITALS START TO
PAIR UP? 22

23. WHICH SUBLEVEL IN THE M SHELL HAS A HIGHER ENERGY THAN THE 4S
SUBLEVEL? 23

24. IN WHAT ORDER DO SUCCESSIVE ELECTRONS USUALLY ENTER THE SUBLEVELS
OF THE ATOMS OF THE FOURTH SERIES? 24

25. WHICH ATOMS IN THE FOURTH SERIES HAVE STRUCTURES WHICH APPEAR
TO BE IRREGULAR BECAUSE OF THE STABILITY OF (A) A HALF - PILLED
3D SUBLEVEL? 25A

(B) A COMPLETELY FILLED 3D SUBLEVEL? 25B

26. WRITE THE ELECTRON -DOT SYMBOL FOR AN ATOM HAVING AN ATOMIC NUMBER
OF 13 AND A MASS NUMBER OF 27 26

27. IN WHICH SERIES OF ELEMENTS DO ELECTRONS ENTER THE 4F SUBLEVEL?
27

28. COMPLETE THE FOLLOWING TABLE

SYMBOL-
ATOMIC
NUMBER

f ELECTRON

;CONFIGURATION
I- NOTATION

ELECTRON-DOT'

NOTATION ORBITAL NOTATION
1S 2S 2P 3s 31. 3D 4s

L1-3

B 5
r---

N-7

F-9

MG-12

S1-14

S..16

AR 18

CA -20

Sc-21
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STRUCTURE OF MATTER
LEVEL: HIGH SCHOOL

ACTIVITY: CHARGED PARTICLES IN SOLUTION

THE TRANSFER OF ELECTRONS RESULTS IN OBJECTS BECOMING E!THER
POSITIVELY OR NEGATIVELY CHARGED. IF TWO OBJECTS HAVE UNLIKE CHARGES,
THE OBJECTS WILL ATTRACT EACH OTHER. IF THE CHARGES ARE THE SAME, THE
OBJECTS WILL REPEL EACH OTHER.

DURING THIS INVESTIGATION YOU WILL STUDY THE EFFECT OF ELECTRICITY
ON PARTICLES IN SOLUTION.

MATERIALS: PER TEAM)
2 PAPER CLIPS 2 LENGTHS OF BELL-WIRE (10-INCH)
250 -ML BEAKER 150 ML OF DISTILLED WATER
12 -INCH LENGTH OF DIALYSIS TUBING 6-voLT BATTERY
10 ML OF IODINE- POTASSIUM IODIDE SOLUTION -(IKI)

PROCEDURES:

SET UP THE APPARATUS AS FOLLOWS:

A. UNFOLD TWO PAPER CLIPS SO THEIR LENGTHS ARE DOUBLED. REMOVE

THE INSULATION FROM THE ENDS OF BOTH BELL WIRES. FASTEN A WIRE
TO ONE END OF EACH UNFOLDED PAPER CLIP.

B. HALF-FILL A BEAKER WITH OISTILLED WATER. MOISTEN THE IALYSIS

TUBING, AND TIE A KNOT IN THE MIDDLE OF IT. HOLD UP THE ENDS OF
THE TUBING AND FILL EACH HALF WITH DISTILLED WATER TO A DEPTH OF
ABOUT 4 INCHES. CAREFULLY LOWER THE DIALYSIS TUBING INTO THE
BEAKER OF WATER AND FOLD THE FREE ENDS OF THE TUBING OVER THE
EDGE. INSERT A PAPER CLIP ELECTRODE INTO THE WATER IN EACH HALF

. OF THE TUBING. ATTACH THE FREE ENDS OF THE WIRES TO THE BATTERY.

NOTE: ELECTRICITY FROM THE.BATTERY WILL SUPPLY ELECTRONS TO ONE
PAPER CLIP AND REMOVE ELECTRONS FROM THE OTHER. THUS ONE PAPER
CLIP WILL HAVE EXCESS ELECTRONS AND BE NEGATIVELY CHARGED, UHILE
THE OTHER WILL BE POSITIVELY CHARG::D.

C. ADD 10 ML OF THE BROWN-COLORED (IKI) SOLUTION TO-THE WATER IN
THE BEAKER. ALLOW THE PAPER CLIPS TO REMAIN CONNECTED TO THE
BATTERY FOR ABOUT TWENTY MINUTES.

D. MARK OR LABEL EACH END OF THE TUBING WITH A + (POSITIVE) OR -
(NEGATIVE) SIGN TO MATCH THE POLES ON THE BATTERY. DISCONNECT

THE BATTERY AN REMOVE THE ELECTRODES FROM THE TUBING. LIFT THE

TUBING OUTS OF THE BEAKER AND OBSERVE ANY CHANGES THAT MAY HAVE
OCCURRED IN EACH HALF.

INTERPRETATIONS:
1. WHAT HAPPENED TO THE WATER IN THE TUBING THAT WAS CONNECTED TO

THE POSITIVE SIDE.OF THE BATTERY? WHAT HAPPENED ON THE NEGA-

TIVE SIDE?

2. Do YOU THINK THAT PARTICLES OF THE BROWN - COLORED SOLUTION HAVE
A POSITIVE CHARGE OR A NEGATIVE CHARGE?
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INTERPRETATIONS (CONT.)

3. FROM THE RESULTS OF THIS INVESTIGATION: WHAT EVIDENCE DO YOU
HAVE THAT:

A. NEUTRAL ATOMS MIGHT LOSE ELECTRONS AND BECOME POSITIVELY
CHARGED?

B. NEUTRAL ATOMS MIGHT GAIN ELECTRONS AND BECOME NEGATIVELY
CHARGED?



s.

STRUCTURE OF MATTER
LEVEL: HIGH SCHOOL

ACTIVITY: DENSITIES OF LIQUIDS

PROBLEM: EACH FORM OF MATTER HAS A CERTAIN MASS OR WEIGHT. THE

DENSITY OF A SOLID CAN BE DETERMINED BY COMPARING THE WEIGHT OF ONE
CUBIC CENTIMETER (CM3) OF THE SUBSTANCE TO THE WEIGHT OF ONE CM3

OF WATER. HOW CAN THE DENSITY OF A LIQUID BE DETERMINED?

INVESTIGATION:
THE WEIGHT IN GRAMS OF 100 MILLILITERS OF EACH LIQUID TESTED WAS
FOUND, AS SHOWN BELOW. THE RESULTS OF THE EXPERIMENT ARE SHOWN IN
THE TABLE BELOW.

Beaker

100m1 water

sc
Graduated.

Fs*

cylinder Po :
t 77

p- se
111-0111r

-so
20

100 grams

LIQUID TESTED
e--------

VOLUME IN
MILLILITERS

WEIGHT
IN GRAMS

DENSITY
PER CM3

WATER 100 100 1.00

COOKING OIL 100 92 0.92

RUBBING ALCOHOL 100 8o o.8o

GLYCERIN 100 125 1.25

WHOLE MILK 100 103 1.03

INTERPRETATION:
ACCORDING TO THE RESULTS SHOWN IN THE TABLE, MARK EACH OF THE FOLLOWING
STATEMENTS TRUE, FALSE, OR NOT PROVED IN THE SPACE PROVIDED.

1. THE VOLUME OF ONE MILLILITER OF ANY LIQUID EQUALS
ONE CUBIC CENTIMETER,

2. THE WEIGHT OF ONE MILLILITER OF GLYCERIN EQUALS
ONE GRAM.
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3. ALCOHOL AND WATER CAN BE MIXED WITHOUT
SEPARATING.

4. IF COOKING OIL AND WATER ARE MIXED, THE OIL WILL
FLOAT ON TOP OF THE WATER.

5. IF GLYCERIN AND ALCOHOL ARE MIXED, THE ALCOHOL
WILL FLOAT ON TOP OF THE GLYCERIN.

6. WHOLE MILK HAS A GREATER DENSITY THAN SKIM MILK. Tgoo

7. THE WEIGHT OF ONE MILLILITER OF WATER EQUALS ONE
GRAM.

8. THE TEMPERATURE OF A LIQUID HAS AN EFFECT ON ITS
DENSITY.

9. IP A LIQUID HAS A DENSITY GREATER THAN 1, IT WILL
FLOAT ON WATER.

10. THE SAME VOLUME OF LIQUID MUST BE WEIGHED EACH
TIME IN ORDER TO FIND ITS DENSITY.

APPLICATION:

EXPLAIN WHY MILK IS HOMOGENIZED TO PREVENT THE CREAM FROM SEPARATING
OUT AND FLOATING ON TOP OF THE MILK.
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STRUCTURE OF MATTER
LEVEL: HIGH SCHOOL

ACTIVITY: ATOMIC STRUCTURE

PURPOSE: TO ACQUAINT YOU WITH SOME BASIC IDEAS OF CHEMISTRY THAT
WILL AID YOU IN BIOLOGY.

INSTRUCTIONAL OBJECTIVES: (FOLLOWING A LECTURE AND READING)

1. THE STUDENT WILL BE ABLE TO CORRECTLY DRAW THE ATOMIC STRUCTURE
OF ANY ELEMENT FROM THE PERIODIC TABLE.

2. THE STUDENT WILL BE ABLE TO DRAW OUT AN EXAMPLE OF A CHEMICAL
REACTION INVOLVING ONE REACTION IN A COVALENT BOND, AND ANOTHER
REACTION IN A IONIC BOND.

3. THE STUDENT WILL BE ABLE TO WRITE A SHORT PARAGRAPH ON THE
STRENGTH OF BONDS AND THE PARTS OF AN ATOM INVOLVED IN A BOND.

4. THE STUDENT WILL BE ABLE TO CONVERT A CHEMICAL FORMULA INTO
WORDS, IN TERMS OF ATOMS.

MATERIALS:
MODERN BIOLOGY PP 3441

LEARNING ACTIVITIES:
REQUIRED: (#1 AND EITHER 2 OR 3)

1. CONVERT CHEMICAL FORMULA INTO WORDS, IN TERMS OF ATOMS.

EXAMPLE: H2O IS TWO ATOMS OF HYDROGEN COMBINED WITH ONE
ATOM OF OXYGEN TO FORM ONE MOLECULE OF WATER. (HAND IN

TO YOUR INSTRUCTOR.)

A. C6111206

B. HCL

C. CO2

D. H2SO4

E. NACL

F. CO

2. TAKE ANY TWO OF THE ABOVE AND DRAW THEIR STRUCTURAL FORMULA
AND INDICATE IF IT IS AN IONIC OR COVALENT BOND. (MUST

HAVE ONE OF EACH). HAND IN TO YOUR INSTRUCTOR.

3. DRAW THE ATOMIC STRUCTURE OF ELEMENTS #6, #271 #73. (HAND
IN TO YOUR INSTRUCTOR).
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cl 1

OPTIONAL: (COMPLETE TWO AND HAND INTO YOUR INSTRUCTOR)

1. WRITE THE CHEMICAL SYMBOL FOR THE FOURTEEN MOST ABUNDANT ELEMENTS
IN LIVING ORGANISMS.

2. COMPOSE A LIST OF CAREERS YOU FEEL THEIR KNOWLEDGE ON ATOMIC
STRUCTURE WOULD BE HELPFUL.

3. DESIGN AN EXPERIMENT TO SHOW DISSOCIATION OF IONS.

4. WRITE A SHORT PARAGRAPH ON WHY YOU FEEL BASIC CHEMISTRY IS
NECESSARY IN BIOLOGY AND ANY OTHER FIELD.

DEMONSTRATIONS OF LEARNING:
YOU WILL BE EVALUATED ON:

1. THE MATERIAL HANDED IN.

2. ORAL EXAM (FOUR QUESTIONS, ONE ON EACH OF THE INSTRUC
TIONAL OBJECTIVES) You MUST ANSWER ALL FOUR TO THE
SATISFACTION OF THE TEACHER.

( OR )

3. WRITTEN EXAM WHICH WILL INCLUDE SHORT ESSAY QUESTIONS
ON THE INSTRUCTIONAL OBJECTIVES AND A TERMINOLOGY TEST
FROM PP. go IN MODERN BIOLOGY. THE STUDENT MUST RE
CEIVE AN 0% TO COMPLETE THIS LAB.
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BEHAVIOR OF MATTER
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CHEMISTRY - BEHAVIOR OF MATTER

BIOCHEMIST
BIOLOGIST
CHEMIST
DENTAL HYGENIST
DENIST
DIETITIAN
ENGINEERING TECHNICIAN
CHEMICAL ENGINEER
GEOLOGIST
GEOPHYSICIST
HOME ECONOMIST
INDUSTRIAL DESIGNER
INDUSTRIAL TRAFFIC MANAGER
LIFE SCIENTIST
MEDICAL LAB WORKERS
'MEDICAL TECHNOLOGIST
METEROLOGIST
OCEANOGRAPHER

PHARMACISTS
PHOTOGRAPHER
PHYSICIAN

PHYSICIST
PURCHASING AGENT
PRACTICAL NURSE
REGISTERED NURSE
SUPERMARKET MANAGER
ELEMENTARY TEACHER
TEACHER SECONDARY - COLLEGE
TECHNICAL WRITER
VETERINARIAN
FOOD PROCESSING TECHNICIAN
AIRCRAFT MECHANICS
AUTOMOBILE MECHANIC
COMPOSING Roc OPERATOR
DIESEL MECHANIC
FARM EQUIPMENT MECHANIC
INDUSTRIAL MAINTENANCE MECHANIC
INSTRUMENT MAKER
MACHINE TOOL OPERATOR
OFFICE MACHINE REPAIRMAN
PATTERN MAKER
PRINTING PRESSMAN
TOOL & DYE MAKER
DENTAL LABORATORY TECHNICIAN
FURNITURE UPHOLSTERERS
JEWLERS & REPAIRMEN
OPTICIAN
OPTICAL MECHANIC
WATCH REPAIRMAN
BRICK LAYER
CEMENT MASON
TELEPHONE INSTALLER
FLOOR COVERING INSTALLER
INSULATION WORKER
PAINTER
PLUMBER.PIPE FITTER
LINEMAN 105
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X -RAY TECHNICIAN
TELEGRAPHER- TELEPHONER
AUTO PARTS MAN
MANUFACTURER REPRESENTATIVE
DELIVERY MAN
BUILDING CUSTODIAN
COOKS

FIREMEN
HOSPITAL ATTENDCNT
HOTEL HOUSEKEEPER
FBI AGENT
POLICEMEN & WOMEN

STEWARDESSES
AGRIBUSINESS TECHNICIAN
AGRICULTURE EXTENSION WORKER
DAIRY PRODUCTION TECHNICIAN
FARM -CROP PRODUCTION TECHNICIAN

FARMER
FISH & WILDLIFE TECHNICIAN
FISH CULTURE TECHNICIAN
FORESTER
FORESTERY PRODUCTION TECHNICIAN
LAB ANIMAL CARE TECHNICIAN
LIVESTOCK PRODUCTION TECHNICIAN
ORCHARD TECHNICIAN
HORTICULTURIST
PARKS LAND MANAGEMENT TECHNICIAN
RANGE MANAGEMENT
SOIL CONSERVATIONIST
SOIL SCIENTIST
SIGNAL MAINTAINER
STONE MASON
STRUCTURAL STEEL WORKER
TELEPHONE REPAIRMAN
WELDER
BOOKBINDER
BROADCAST TECHNICIAN
ELECTRO TYPERS
GASOLINE SERVICE STATION
TRUCKDRIVER (ATTENDANT,WAREHOUSE)
LITHOGRAPHIC OCCUPATION
LOCOMOTIVE ENGINEER
APPRENTICE ENGINEER
METER.VAN-40MAN
PROJECTIONIST
PHOTO ENGRAVER
POWER PLANT OPERATOR
STATIONARY ENGINEER
BOILER FIREMAN

STEVEDORE
POWER DISPATCHER
ELECTROPLATER
GLAZIER
PLASTERER
PAPER HANGER
ROOFER
SHEET METAL WORKER



BEHAVIOR OF MATTER
LEVEL: JUNIOR HIGH

ACTIVITY,: SOLUTIONS SUSPENSIONS AND DENSITY

MATERIALS: FOOD COLORING (3 DIFFERENT COLORS)
PLASTIC PAILS
DROPPERS
COARSE SALT

VIALS
CLEAR SODA STRAWS

PLASTIC BOXES WITH LIDS
SQUEEZE BOTTLES
ALCOHOL

VINEGAR (CIDER & WHITE)
PAPER CUPS (SMALL)
CARDBOARD TRAYS

PROCEDURE:
PLACE WATER IN BUCKETS AND SCATTER THEM AROUND THE ROOM. HAVE

EACH STUDENT TEAM TAKE A CARDBOARD TRAY, 5 VIALS, 2 DROPPERS AND A
PLASTIC BOX WITH A LID. PASS OUT TO EACH STUDENT A SMALL AMOUNT OF
EACH COLOR OF FOOD COLORING. ASK STUDENTS TO FILL VIALS WITH WATER
AND TO JUST TEST WHAT HAPPENS WHEN FOOD COLORING IS PLACED IN WATER.
AFTER STUDENTS HAVE PLAYED WITH THE SOLUTIONS ONE MIGHT SUGGEST
SOME OF THE FOLLOWING ACTIVITIES TO TRY:

DOES DIFFERENT TEMPERATURE OF WATER CAUSE A CHANGE?
DOES HEIGHT FROM WHICH DROP FALLS MAKE A DIFFERENCE?
CAN YOU GET COLOR TO STAY IN MIDDLE OF VIAL?
CAN YOU MAKE SMOKE RINGS?
WHAT DIFFERENT COLORS CAN YOU MAKE FROM YOUR 3 COLORS? ETC.

AFTER STUDENTS HAVE TRIED TO ANSWER THE QUESTIONS AND A DIS
CUSSION IS HELD OVER THEIR ANSWERS, CLEAN UP ALL MATERIALS.

THE NEXT SESSION HAND OUT SALT TO THE STUDENTS IN PAPER CUPS.
Do NOT HAND OUT ANY FOOD COLORING. ASK STUDENTS TO MIX UP DIFFER
ENT SOLUTIONS WITH DIFFERENT AMOUNTS OF SALT. DISCUSS WHAT HAPPENS.
ASK WHAT FOOD COLORING WOULD DO IN SALT WATER? HAND OUT FOOD
COLORING AND THEN AFTER DISCOVERY, ASK THEM TO TRY TO SOLVE
QUESTIONS IN THE FIRST SESSION, DISCUSS DENSITY WITH STUDENTS.
CLEAN MATERIALS.

FOR THIRD SESSION PREPARE 4 BUCKETS WITH EACH HAVING A DIFFERENT
SALT WATER DENSITY AND COLOR EACH ONE A DIFFERENT COLOR TO KNOW
THEM APART. ASK STUDENTS TO EXPERIMENT WITH THE SOLUTIONS AND
DISCOVER WHICH IS THE HEAVIEST TO THE LIGHTEST. THEN HAND OUT TO
THE STUDENTS CLEAR SODA STRAWS ANO ASK THEM TO GET 1, 2, 3 & 4
LAYERS IN THE STRAWS. AFTER THIS THE TEACHER CAN USE 4 DIFFERENT
LIQUIDS SUCH AS ALCOHOL, VINEGAR AND WATER, AND ASK WHICH IS WHICH
WHEN THE DENSITY IS KNOWN. USE CIDER AND WHITE VINEGAR)

TO THE TEACHER: THIS LAB CAN BE USED TO SUPPORT WOW. ON SOLUTIONS
AND SUSPENSIONS. IT ALSO IS GOOD TO SUPPORT A DISCUSSION OF THE
BEHAVIOR OF MOLECULES IN THE MOLECULAR THEORY.
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BEHAVIOR OF MATTER

LEVEL: JUNIOR HIGH

ACTIVITY: WHAT ARE SOME COMMON SOLVENTS?

MATERIALS: TEST TUBE RACK SOLVENTS: WATER
5 TEST TUBES ALCOHOL
FORCEPS CARBON TETRACHLORIDE
5 GLASS STIRRING RODS SOLUTES: SALT
MEDICINE DROPPER SULFUR
TEST TUBE BRUSH RUBBER BANDS

IODINE CRYSTALS
OIL

PROCEDURE:

A. LABEL THE TEST TUBES #1, #2, #3, #4, AND #5 WITH A WAX
PENCIL.. IN #1 POUR 20 CC OF WATER. POUR 20 CC OF ALCOHOL
INTO #2. POUR 20 CC OF CARBON TETRACHLORIDE INTO #3. POUR
20 CC OF CARBON DISULFIDE INTO #k. AND POUR 20 CC OF SCN
ZENE INTO #5. (DO NOT BREATH THE FUMES OF CARBON TETRA
CHLORIDE.)

B. PUT A PINCH OF SALT IN EACH TEST TUBE AND STIR GENTLY.
UNDER "WHAT DO WE SEE?" WRITE "yEs" IF IT DISSOLVES,
"NO" IF IT DOESN'T.

C. WASH EACH TEST TUBE 'THOROUGHLY, WITH A TEST TUBE BRUSH.
REFILL WITH FRESH SOLVENTS. REPEAT STEP B, USING SMALL
PIECES OF SULFUR. REPEAT AGAIN USING RUBBER BANDS, IODINE
CRYSTALS, AND FINALLY, A FEW DROPS or OIL. USE A MEDI-
CINE DROPPER FOR OIL AND FORCEPS FOR THE SOLID CHEMICALS.)
BE SURE TO RECORD YOUR RESULTS EACH TIME IN THE TABLE
UNDER "WHAT DO WE SEE?".

WHAT DO WE SEE?
1. RECORD YOUR OBSERVATIONS IN THE TABLE.

SOLUTES

SALT t SULFUR RUBBER IODINE
I

OIL

s WATER

0 '

L A LCOHOL

V
E CARSON TETRACHLORIDE

T I,CARBON DISULFIDE

S
'BENZENE

107



2. DESCRIBE WHAT HAPPENED WHEN YOU PUT THE SULFUR IN WATER:

AND IN CARBON DISULFIDE:

3. TELL WHAT HAPPENED WHEN YOU PUT OIL IN WATER:

AND IN CARBON TETRACHLORIDE:

4. DID THE RUBBER DISAPPEAR COMPLETELY IN ANY OF THE SOLVENTS?
IF SO, IN WHICH ONES?

WHAT DO WE LEARN?

1. WHICH SOLVENT DISSOLVED THE MOST SOLUTES?

2. FROM YOUR EXPERIMENT, WHAT DO YOU THINK THE SOLUTION CALLED
. "TINCTURE OF IODINE" IS MADE OF?

THINGS TO DO:

1. PUT A SMALL PIECE OF WOOL CLOTH IN A TEST TUBE CONTAINING
A 5% SOLUTION OF SODIUM HYDROXIDE (NACH). THEN WARM THE
SOLUTION VERY GENTLY. TRY IT AGAIN, USING JUST WATER AND
CLOTH.

2. TRY TO DISSOLVE SUGAR IN WATERS ALCOHOLS AND OIL (KEROSENE).
DESCRIBE WHAT HAPPENS.

3. MAKE A REPORT TD YOUR CLASS DN HOW DIFFERENT SOLVENTS ARE
USED TO REMOVE STAINS FROM CLOTHING.
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BEHAVIOR OF MATTER
LEVEL: HIGH SCHOOL

ACTIVITY: PHYSICAL AND CHEMICAL CHANGES

PURPOSE: TO STUDY THE DIFFERENCES BETWEEN PHYSICAL AND CHEMICAL
CHANGES IN MATTER

MATERIAL:
ASBESTOS SQUARE
BURNER AND TUBING
FUNNEL
RING STAND
WASH BOTTLE
WIRE GAUZE
BAKING POWDER
MAGNESIUM RIBBON
SANDPAPER FINE GRIT
FILTER PAPER
SULFURIC ACID, DILUTE (1:6)
WOODEN SPLINTS

BEAKERS, 100 ML, 150 ML
FORCEPS
RING, IRON
TEST TUBES

WATCH GLASS
ALKASELTZER TABLETS
COPPER FOIL
PLATINUM WIRE TEST ROD
ZINC, MOSSY

HYDROCHLORIC ACID DILUTE (1:4)
SOLUTION OF SILVER NITRATE

(0.2M)

INTRODUCTION:
MATTER UNDERGOES MANY CHANGES IN SOME CASES ONLY THE TEMPERATURE,

PHYSICAL STATE, SIZE OF PARTICLE OR COLOR IS CHANGED ICE MELTS AND
WATER EVAPORATES. SUCH CHANGES ARE PHYSICAL.

IN OTHER CASES DIFFERENT SUBSTANCES WITH NEW CHARACTERISTIC PROP
ERTIES ARE FORMED. WOOD BURNS AND METALS TARNISH SUCH CHANGES ARE
CHEMICAL. HEAT, LIGHT, ELECTRICITY, AND SOLUTION ARE OFTEN INSTRU
MENTAL IN STARTING CHEMICAL CHANGES. IN MANY CASES, TOO, THEY ARE
PRODUCED AS THE IMMEDIATE RESULT OF SUCH CHANGES.

PROCEDURES:
1. EXAMINE THE PLATINUM WIRE TEST ROD. OBSERVE THE COLOR AND LUSTER
.. OF THE METAL. HOLD THE WIRE IN THE FLAME OF YOUR BURNER FOR

ABOUT TWO MINUTES. RECALL PART OF EXPERIMENT IN WHICH YOU DETER
MINED THE HOTTEST PART OF THE FLAME. DOES THE APPEARANCE OF THE

. PLATINUM WIRE SUPPORT YOUR PREVIOUS CONCLUSION? DESCRIBE THE
APPEARANCE OF THE WIRE WHILE HELD IN THE HOTTEST PART OF THE
FLAME. ALLOW THE WIRE TO COOL AND RE- EXAMINE IT. CONCLUSION?

OBSERVATIONS:

2. SANDPAPER A PIECE OF MAGNESIUM RIBBON ABOUT 3 CM IN LENGTH TO
REMOVE THE TARNISH. NOTE THE COLOR, LUSTER, AND FLEXIBILITY OF
THE METAL. HOLDING ONE END WITH THE FORCEPS, IGNITE THE OTHER
END IN THE BURNER FLAME. CAUTION: DO NOT LOOK DIRECTLY AT THE
MAGNESIUM WHILE IT IS BURNING. COMPARE THE ASH, WHICH MAY BE
COLLECTED ON THE ASBESTOS SQUARE, WITH THE ORIGINAL. METAL.
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T7

OBSERVATIONS:

3. SIMILARLY CLEAN A PIECE OF COPPER FOIL AND HEAT IT IN THE OUTER
CONE OF THE BURNER FLAME FOR 1-2 MINUTES, AVOID MELTING. LET
IT COOL AND RE-EXAMINE IT. SEE IF YOU CAN SCRAPE OFF SOME OF
THE BLACK SCALE FROM THE SURFACE OF THE COPPER COMPARE THE
PROPERTIES OF THIS SCALE WITH THOSE OF METALLIC COPPER. HEAT
THE FOIL A SECOND TIME. RESULT? EXPLAIN,

OBSERVATIONS:

4. DIP ONE END OF THE PLATINUM WIRE INTO A TEST TUBE CONTAINING
4 OR 5 ML OF DILUTE SULFURIC ACID. OBSERVE CAREFULLY FOR ANY
SIGNS OF CHEMICAL ACTION. RESULT? REMOVE THE PLATINUM WIRE,
FLUSHING IT WITH WATER BEFORE LAYING ASIDE. ADD A SMALL PIECE OF
ZINC TO THE ACID. RESULT? LET THE ACTION CONTINUE FOR ABOUT
5 MINUTES. WARM THE TUBE GENTLY, CAUTION.

WHEN THE REACTION IS PROCEEDING VIGOROUSLY, BRING THE FLAME
OF A BURNING SPLINT TO THE MOUTH OF THE TEST TUBE. RESULT?
THE DILUTE SULFURIC ACID IS A WATER SOLUTION OF HYDROGEN SULFATE.
WHAT GAS DO YOU THINK IS BEING EVOLVED DURING THE REACTION?
ACCOUNT FOR THE APPEARANCE OF A BLACK SUSPENSION IN THE LIQUID.
FILTER TO REMOVE SUSPENDED MATTER, IF PRESENT. Do YOU BELIEVE
A SECOND PRODUCT OF THE REACTION TO BE IN SOLUTION IN THE FILTRATE?
USING AN APPROPRIATE TECHNIQUE, RECOVER THIS PRODUCT FROM A PORTION
OF THE FILTRATE. COMPARE THE PRODUCT WITH THE ORIGINAL ACID AND
WITH THE ZINC. SUGGEST THE PROBABLE NAME OF THE CRYSTALLINE
SUBSTANCE. TRY WRITING A WORD EQUATION TO EXPRESS YOUR IDEA OF
THE CHEMICAL REACTION THAT HAS TAKEN PLACE.

OBSERVATIONS:

5. To 3 OR 4 ML OF SILVER NITRATE SOLUTION, ADD SEVERAL DROPS OF
DILUTE HYDROCHLORIC ACID. RESULT? CAN YOU RECOGNIZE A PRECIPI
TATE? DESCRIBE IT. HYDROCHLORIC ACID IS A WATER SOLUTION OF
HYDROGEN CHLORIDE. CONSULT THE SOLUBILITY TABLE IN THE APPENDIX
AND SUGGEST THE PROBABLE NAME OF THE INSOLUBLE PRODUCT (THE
PRECIPITATE). TRY WRITING A WORD EQUATION TO EXPRESS YOUR
IDEA OF THE CHEMICAL REACTION THAT HAS TAKEN PLACE. WAS THERE
ANY EVIDENCE OF A GASEOUS PRODUCT OF THIS REACTION? TRANSFER
THE ENTIRE CONTENTS OF THE TEST TUBE TO A FILTER SETUP, FLUSHING
WITH SMALL ADDITIONS OF WATER FROM THE WASH BOTTLE, IF NECESSARY,
TO REMOVE ALL OF THE PRECIPITATE. DISCARD THE FILTRATE, UNFOLD
THE FILTER PAPER AND EXPOSE THE PRECIPITATE TO DIRECT SUNLIGHT
FOR SEVERAL MINUTES. RESULT? Do YOU THINK THIS CHANGE IS
PHYSICAL OR CHEMICAL? DID YOU OBSERVE ANY EVIDENCE OF AN APPRE-
CIABLE ENERGY CHANGE DURING THE REACTION?
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OBSERVATIONS:

6. To ONE -HALF AN ALKA - SCLTZER TABLET OR TO 2 GRAMS OF BAKING POWDER
IN A 100 ML BEAKER ADD 5 ML OF WATER. RESULT? AFTER THE REAL.
TION PROCEEDS FOR 15 SECONDS, THRUST A BURNING SPLINT INTO THE
UPPER PORTION OF THE SEAKER. RESULT? BOTH ALKA - SELTZER AND

BAKING POWDER CONTAIN A,SOLID SUBSTANCE, WHICH ACTS AS AN ACID,
AND SODIUM HYDROGEN CARBONATE. WHAT GAS DO YOU THINK IS BEING
EVOLVED DURING THE REACTION? WHY DID THE CHEMICALS WHICH DID NOT
REACT IN THE DRY STATE BEGIN TO REACT?

OBSERVATIONS:

QUESTIONS: ANSWER IN COMPLETE SENTENCES.

1. WHAT KIND OF CHANGE OCCURS WHEN PLATINUM IS HEATED?

2. IS A NEW SUBSTANCE FORMED AS MAGNESIUM BURNS? JUSTIFY YOUR ANSWER.

3. How DOES THE SCALE WHICH FORMS WHEN COPPER IS HEATED DIFFER FROM
THE COPPER?

4. WHAT DO YOU THINK WOULD BE THE ULTIMATE RESULT -OF SUCCESSIVE
HEATtNGS AND SCRAPINGS OF THE COPPER?

5. DOES PLATINUM INTERACT WITH SULFURIC ACID?

6. DOES THE PRECIPITATE IN PART 5 SEEM TO BE A NEW SUBSTANCE? IS

THIS A CHEMICAL OR PHYSICAL CHANGE?

7. THE PRECIPITATE IN PART 5 IS SILVER CHLORIDE. WHAT EFFECT DOES
SUNLIGHT HAVE ON THE PRECIPITATE?

00 YOU THINK SUCH A CHANGE MAY HAVE SOME RELATION TO PHOTOGRAPHY?

8. SUMMARIZE THE RESULTS OF THIS EXPERIMENT IN A DEFINITE, CONCISE
CONCLUSION.



BEHAVIOR OF MATTER
LEVEL: HIGH SCHOOL

ACTIVITY: FLAME TESTS

9

PURPOSE: TO SHOW HOW CERTAIN METALS MAY BE IDENTIFIED BY THE COLOR
THEY IMPART TO A FLAME.

MATERIALS:
BURNER AND TUBING
TEST TUBES

HYDROCHLORIC ACID DILUTE (1:4)
SODIUM CHLORIDE
0.5M SOLUTIONS IN DISTILLED WATER OF
THE A.R. GRADE NITRATES OF BARIUM,
CALCIUM, LITHIUM, POTASSIUM, SODIUM,
AND STRONTIUM, AND OF SODIUM CHLORIDE

UNKNOWN SOLUTIONS

2 COBALT GLASS PLATES
5CM LENGTH OF No. 24 PLATINUM

WIRE, SEALED IN THE END OF .1,1'

GLASS TUBE 10 CM LONG. IF
PLATINUM WIRE IS NOT AVAIL
ABLE, NICHROME WIRE (NOT AS
SATISFACTORY AS PLATINUM) MAY
BE USED. NICHROME WIRE SHOULD
BE HELD WITH FORCEPS.

INTRODUCTION:

IF YOU WISH TO SECURE GOOD RESULTS IN THIS EXPERIMENT, YOUR
TEST TUBES MUST BE SCRUPULOUSLY CLEAN. YOUR TEST TUBES MAY BE
THOROUGHLY CLEANED BY USING THE CLEANING SOLUTION DESCRIBED IN THE
TEACHERS' EDITION TO EXERCISES AND EXPERIMENTS IN CHEMISTRY. I

(CAUTION: THIS CLEANING SOLUTION IS EXTREMELY CORROSIVE AND MUST
NOT BE SPILLED!) AFTER THE CLEANING SOLUTION HAS BEEN USED, THE
TEST TUBES MAY BE RINSED THOROUGHLY IN TAP WATER AND THEN IN DIS
TILLED WATER.

SUGGESTION: HAVE STUDENTS EXAMINE SODIUM LINES PRODUCED IN A
SPECTROSCOPE USING A SODIUM VAPOR LAMP AND THEN A SODIUM FLAME SOURCE.
THIS MAY BE REPEATED WITH MIXTURES OF SODIUM AND POTASSIUM.

PROCEDURES:
1. CLEAN A PLATINUM WIRE BY DIPPING IT FIRST INTO SOME DILUTE HYDRO

CHLORIC ACID IN A TEST TUBE AND THEN HOLDING IT IN THE COLORLESS
FLAME OF YOUR BURNER. REPEAT UNTIL THE WIRE IMPARTS NO COLOR
TO THE FLAME. POUR 4 ML OF SODIUM NITRATE SOLUTION INTO A CLEAN
TEST TUBE, AND DIP THE TIP OF THE CLEAN PLATINUM WIRE INTO THE
SOLUTION, AND THEN HOLD IT IN THE FLAME. OBSERVE THE COLOR OF
THE FLAME JUST ABOVE THE WIRE. HEAT ONLY THE TIP OF THE WIRE.
IF YOU HEAT THE GLASS TUBE INTO WHICH THE WIRE IS SEALED, YOU
WILL BREAK THE GLASS.

CLEAN THE WIRE AS BEFORE AND THEN TEST A SOLUTION OF SODIUM
CHLORIDE IN THE SAME MANNER. REPEAT THE TEST, DIPPING THE
WIRE INTO A LITTLE DRY SODIUM CHLORIDE.

OBSERVATIONS:
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2. REPEAT PART 1, USING IN TURN 4 ML OF THE SOLUTIONS OF THE NI
TRATES OF LITHIUM, STRONTIUM' CALCIUM, BARIUM, AND POTASSIUM.
CLEAN THE WIRE THOROUGHLY AFTER EACH TEST. IN THE CASES OF
LITHIUM AND STRONTIUM, OBSERVE WHICH FLAME IS MORE PERSISTENT
AND TAKES LONGER TO BURN OFF THE WIRE. ALSO NOTE THE DIFFER
ENCE IN THE SHADES OF COLOR PRODUCED. WHEN YOU HAVE TESTED THE
CALCIUM FLAME AND THEN DIPPED THE WIRE INTO HYDROCHLORIC ACID
AND BACK INTO THE FLAME WHEN CLEANING ITS YOU OFTEN GET AN
EXCELLENT FLAME OF CALCIUM MOMENTARILY. RECORD YOUR OBSERVA
TIONS IN THE ACCOMPANYING TABLE.

OBSERVATIONS:

3. IF TWO SALTS ARE PRESENT IN THE SAME SOLUTIONS THE COLOR OF ONE
FLAME MAY OBSCURE THAT OF THE OTHER. SOMETIMES IT IS POSSIBLE
TO ABSORB ONE COLOR AND NOT THE OTHER. EXAMINE THE SODIUM FLAME
THROUGH AT LEAST TWO THICKNESSES OF COBALT GLASS. REPEAT, US
ING THE POTASSIUM FLAME WITH THE COBALT GLASSES.

FLAME TEST A MIXTURE OF THE SOLUTIONS OF THE NITRATES OF
SODIUM AND POTASSIUM WITH A CLEAN WIRE. OBSERVE THE COLOR
THE MIXTURE IMPARTS TO THE FLAME WHEN VIEWED WITHOUT THE COBALT
GLASSES. REPEAT THE TEST, BUT OBSERVE THE FLAME AS SEEN THROUGH
THE COBALT GLASSES. EXPLAIN ANY DIFFERENCES OBSERVED. RECORD
YOUR OBSERVATIONS AS BEFORE,

OBSERVATIONS:

4. SECURE AN UNKNOWN SOLUTION FgOM YOUR INSTRUCTOR. TEST IT IN THE
FLAME AS IN THIS EXPERIMENT IN ORDER TO IDENTIFY THE METALLIC
ION PRESENT..

DATA TABLE
METAL IN COMPOUND COLOR OF FLAME

SODIUM
LITHIUM
STRONTIUM....
CALCIUM
BARIUM
POTASSIUM
SODIUM

(COBALT GLASS)
POTASSIUM

(COBALT GLASS)
SODIUM AND

POTASSIUM
SODIUM AND POTASSIUM

(COBALT GLASS)
UNKNOWN METAL
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THE UNKNOWN METAL WAS:



QUEST I ONS-:- ANSWER- -I N-COMPLETE STATEMENTS.

1. IS THE FLAME COLORATION A TEST FOR THE METAL OR FOR THE ACID
RADICAL?

2. WHY DO DRY SODIUM CHLORIDE AND THE SOLUTIONS OF SODIUM NITRATE
AND SODIUM CHLORIDE ALL IMPART THE SAME COLOR TO THE FLAME?

DESCRIBE THE TEST FOR SODIUM AND POTASSIUM WHEN BOTH ARE PRESENT.

4. How WOULD YOU CHARACTERIZE THE FLAME TEST WITH RESPECT TO ITS
SENSITIVITY?

5. WHAT DIFFICULTIES MAY BE ENCOUNTERED IN THE USE OF THE FLAME
TEST FOR IDENTIFICATION?
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BEHAVIOR OF MATTER
LEVEL: HIGH SCHOOL

ACTIVITY: SOLUBILITY OF CHEMICAL SALTS

PROBLEM: SCIENTISTS ARE FAMILIAR WITH HUNDREDS OF DIFFERENT KINDS
OF CHEMICAL SALTS WHICH DIFFER IN THEIR PROPERTIES BY HAVING DIFFER..

ENT COLORS, TASTES, AND CRYSTAL SHAPES. DO CHEMICAL SALTS ALSO

DIFFER IN THEIR ABILITY TO DISSOLVE IN WATER?

MATERIALS:
TEST TUBES
GRADUATED CYLINDER
STIRRING ROD
POWDERED SAMPLES OF DIFFERENT SALTS,

SUCH AS SODIUM CHLORIDE, IRON NITRATE,
COPPER SULFATE, ETC.

TEST TUBE RACK
LABORATORY BALANCE
FLASHLIGHT

PROCEDURE:
PLACE SEVERAL TEST TUBES IN A TEST TUBE RACK AND POUR AN EQUAL

AMOUNT OF WATER INTO EACH TEST TUBE. WEIGH OUT EXACTLY 25 GRAMS OF

EACH SALT BEING TESTED. ADO,THE SALT, A FEW GRAINS AT A TIME, TO

THE WATER IN A.TEST TUBE UNTIL NO MORE SALT WILL DISSOLVE WHEN THE
WATER IS STIRRED. CAREFULLY WEIGH THE AMOUNT OF SALT LEFT OVER TO
DETERMINE HOW MUCH SALT DISSOLVED IN THE WATER.

OBSERVATIONS:
RECORD YOU RESULTS IN THE FOLLOWING TABLE (INDICATE THE DEGREE

OF SOLUBILITY OF EACH SALT BY WRITING GOOD, MEDIUM, OR POOR).

NAME OF SALT 1 MILLILITERS i GRAMS OF SALT
OF WATER I DISSOLVED

i

DEGREE OF
SOLUBILITY

4

SODIUM CHLORIDE :

IRON NITRATE
I

..........

COPPER SULFATE I

1. WHY WOULD SHINING A BEAM OF LIGHT THROUGH A SOLUTION HELP YOU
DETERMINE WHETHER THE SALT IS COMPLETELY DISSOLVED?

2. WHAT EFFECT DOES STIRRING THE SOLUTION HAVE ON THE RATE AT

WHICH THE SALT DISSOLVES?

3. WHAT EFFECT WOULD HEATING THE WATER HAVE ON THE RATE AT WHICH

THE SALT DISSOLVES?
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INTERPRETATION:

FILL IN THE BLANK WORDS IN THE FOLLOWING PARAGRAPH IN THE NUMBERED
SPACES AT THE RIGHT.

MANY SALTS ARE FORMED BY THE PROCESS OF (1) WHEN 1

AN (2) IS ADDED TO A (3). THE PROCESS OF NEUTRALJZATION2
IS COMPLETE WHEN BLUE LITMUS PAPER WILL NOT TURN (4)
IN THE SOLUTION AND RED LITMUS PAPER WILL NOT TURN (5).4
THE SALT FORMED IF HYDROCHLORIC ACID IS USED IN THE
REACTION IS CALLED A (6). SIMILARLY, IF NITRIC ACID IS5
USED, THE SALT FORMED IS CALLED A (/), AND IF SULFURIC 6
ACID IS USED, THE SALT FORMED IS A (8). THUS, WE SEE 7

THAT SALTS DIFFER IN THEIR PROPERTIES, BUT THEY ALL
8

CONTAIN ONE ELEMENT OR RADICAL FROM AN (9) AND ONE
ELEMENT OR RADICAL FROM A (10). 9

10

APPLICATION:

IT IS ALSO POSSIBLE TO DISSOLVE LIQUIDS IN WATER. FOR EXAMPLE,
IF YOU CAREFULLY MEASURE OUT 50 MILLILITERS OF WATER AND 50 MILLILITERS
OF ALCOHOL AND POUR THE ALCOHOL IN THE WATER, YOU WOULD FIND THAT
THE VOLUME OF THE MIXTURE IS LESS THAN 100 MILLILITERS. EXPLAIN
HOW THIS IS POSSIBLE.
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BEHAVIOR OF
LEVEL: HI

ACTIVITY: SEPARATING COMPONEN

MATERIALS: PER TEAM)

STRIP OF FILTER PAPER WITH
PAPER CLIP
2 MASON JARS OR DRINKING

PROCEDURES:

MATTER
GH SCHOOL

TS OF MATTER

DYE SPOT

GLASSES

A. POUR ABOUT 20 ML OF WATER INTO ONE OF THE JARS. A SPOT OF GREEN

DYE HAS BEEN PLACED NEAR ONE END OF THE FILTER PAPER. HOLD THE

FILTER PAPER AGAINST THE OUTSIDE OF THE JAR SO THE DYE SPOT IS
A SHORT DISTANCE ABOVE THE WATER LEVEL. PUSH A STRAIGHTENED

PAPER CLIP THROUGH THE FILTER PAPER AT THE LEVEL EVEN WITH THE
TOP OF THE JAR.

B.. LOWER THE FILTER PAPER INTO THE WATER UNTIL THE CLIP RESTS ON

THE JAR, SEE PICTURE.
C. LEAVE THE FILTER PAPER IN THE WATER UNTIL THE PAPER IS SATURATED

TO THE LEVEL OF THE PAPER CLIP.
D. REMOVE THE FILTER PAPER FROM THE WATER AND HANG IT IN AN EMPTY

JAR TO DRY. Do NOT TOUCH THE PAPER.

INTERPRET

1. How

AT IONS:

MANY SUBSTANCES WERE PRESENT IN THE ORIGINAL DYE?

2. WHAT PROPERTY OF MATTER DO YOU BELIEVE IS REPONSIBLE FOR THE

3.

SEPARATION?

SUGGEST A MODEL TO EXPLAIN HOW THE SEPARATION COULD OCCUR.
YOU MIGHT SUGGEST DEMONS OR SOME OTHER THEORY TO EXPLAIN WHY
THE SUBSTANCES IN THE DYE SEPARATED. MAKE YOUR OWN ILLUSTRA-

TIONS, IF NECESSARY.

STRAIGHTENED PAPER CLIP

- MASON JAR OR DRINKING GLASS

;1

P

! DYE SPOT

-1--- PAPER JUST BELOW WATER LEVEL



BEHAVIOR OF MATTER
LEVEL: HICN SCHOOL

ACTIVITY: THE NATURE OF A FILM

MATERIALS: PER TEAM)

THREAD WIRE FRAMES
SOAP SOLUTION LARGE BEAKER OR PAN FOR SOAP
SEVERAL TOOTH PICKS SOLUTION
SMALL. PLASTIC OR GLASS FUNNEL

. WIRE FRAMES TO BE USED IN PROCEDURES A-C.

"4"111kt--

SQUARE FRAME

--"1"--' THREAD

1 --""" HEAVY WIRE

I

PROCEDURES:

UFRAME.

FINE WIRE (SLIDING BAR)

THREAD

HEAVY WIRE

WOOD OR STYROFOAM BLOCK

A. TIE A PIECE OF THREAD TO DIAGONALLY OPPOSED CORNERS OF THE
SQUARE FRAME. DIP THE ENTIRE FRAME INTO THE SOAP SOLUTION.
CAREFULLY RAISE THE FRAME OUT OF THE SOLUTION, AND OBSERVE THE

B BEHAVIOR OF THE THREAD. MAKE A SKETCH AND RECORD YOUR OBSER
VATIONS. PUNCTURE THE FILM ON ONE SIDE OF THE THREAD WITH A
CLEAN TOOTHPICK, AND OBSERVE WHAT HAPPENS TO THE THREAD.
SKE"ICH WHAT YOU SEE AS ACCURATELY AS POSSIBLE. REPEAT, PUNC-

TURING ALTERNATE SIDES OF THE FILM.
B. SLIDE ONE END OF THE THREAD TO A Dli7FERENT CORNER OF THE FRAME,

AND REPEAT PROCEDURE A. RECORD YOUR OBSERVATIONS.
C. DIP THE U -FRAME (AND SLIDING BAR) INTO THE SOAP SOLUTION, AND

REMOVE. GENTLY GRASP THE SLIDING BAR ON BOTH ENDS AND PULL IT
SLOWLY TOWARD THE BLOCK. PREDICT WHAT WILL HAPPEN WHEN YOU

RELEASE THE BAR. RELEASE THE SLIDING BAR AND OBSERVE THE EFFECT.
WAS YOUR PREDICTION CORRECT? RECORD YOUR OBSERVATIONS.
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D. FORM A FILM ON THE LARGE END OF THE GLASS FUNNEL BY GENTLY
DIPPING IT INTO THE SOAP SOLUTION, COVER THE SMALL END OF THE
FUNNEL WITH YOUR FINGER, AND RAISE THE FUNNEL FROM THE SOLI)
TION BEFORE CONTINUING, PREDICT WHAT WILL HAPPEN TO THE FILM
WHEN YOU REMOVE YOUR FINGER FROM THE FUNNEL. HOLD THE FUNNEL
AT EYE LEVEL AND REMOVE YOUR FINGER. OBSERVE AND RECORD IN
YOUR NOTEBOOK ANY CHANGE IN THE FILM.

E. REPEAT THE STEPS OF PROCEDURE D, AND THEN DIP THE FUNNEL INTO
THE SOAP SOLUTION TO FORM A SECOND FILM. RECORD YOUR OBSERVA
TIONS CAREFULLY.

INTERPRETATIONS:

1. WRITE A DESCRIPTION OF A MODEL THAT RELATES THE BEHAVIOR OF WATER
TO THE PARTICLES WHICH JOIN TOGETHER TO MAKE WATER DROPS. IN

GIVING REASONS FOR YOUR STATEMENTS, YOU ARE CARRYING OUT A FUN
DAMENTAL ACTIVITY OF SCIENCE: THE RCLATING OF EXPERIMENTAL
RESULTS AND THE INTERPRETATION OF THOSE RESULTS IN SUCH A WAY
AS EITHER TO BUILD MORE CONFIDENCE IN THE MODEL OR TO PROVIDE
EVIDENCE THAT MAKES THE MODEL UNSATISFACTORY.

2. THE FOLLOWING QUESTIONS SHOULD SERVE ONLY AS GUIDELINES, NOT AS
RESTRICTIONS ON YOUR THINKING:

A. IN PROCEDURES A AND B YOU PUNCTURED ONEHALF OF THE FILM.
WHAT DOES THE BEHAVIOR OF THE THREAD FOLLOWING A PUNCTURE
SUGGEST ABOUT THE PROPERTIES OF ATOMS OR THE BEHAVIOR OF
DEMONS?

B. HOW CAN YOU ACCOUNT FOR THE BEHAVIOR OF THE FILM IN PROCE
DURE C? HOW CAN YOU ACCOUNT FOR THE REACTION OF THE SOAP
FILM AND SLIDING BAR AFTER IT IS RELEASED?

C. WHY DOES A FILM FORMED ON THE LARGE END OF A FUNNEL BEHAVE
AS IT DOES?
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BEHAVIOR OF MATTER
LEVEL: HIGH SCHOOL

ACTIVITY: MEASUREMENT OF PH IN AQUATIC ECOSYSTEUS

MATERIALS PER TEAM):
A. FOR STUDYING THE ACTION OF INDICATORS
ECAKERS, 50 OR 100 mt., 6

GRADUATED CYLINDER
GLASS STIRRING RODS, 6
EROMTHYMOL BLUE SOLUTION
HYDROCHLORIC ACID

GLASSMARKING CRAYON
DISTILLED WATER, 100 ML
METHYL RED SOLUTION
PHENOLPHTHALEIN SOLUTiON
SODIUM HYDROXIDE SOLUTION

B. FOR STUDYING THE PH OF DIFFERENT WATER SAMPLES
WATER SAMPLES, 3 OR MORE TEST TUBES, 1 PER SAMPLE
GLASSMARKING CRAYON GLASS STIRRING RODS, 1 PER
'MICROSCOPE SLIDES, 1 PER SAMPLE SAMPLE

WIDERANGE PH TEST PAPERS 1 CM PER
SAMPLE

PROCEDURE A: THE ACTION OF INDICATORS

1 MARK THE SIX BEAKERS AS POLLQWS:hz1, 41:21 Eitz, tc3,

2. INTO EACH BEAKER POUR 15 ML OF DISTILLED WATER, AND ADD A STIRRING
ROD.

3. TO BEAKERS A-1 AND 8-1 ADD A DROP OF METHYL RED SOLUTION; TO
BEAKERS A2 AND B-2 ADD A DROP OF BROMTHYMOL BLUE SOLUTION; TO

BEAKERS La AND LI:a ADD A DROP OF PHENOLPHTHALEIN SOLUTION.
4 IN YOUR DATA BOOK RECORD THE COLOR IN EACH BEAKER.
5. TO EACH OF THE THREE A BEAKERS ADD A DROP OF HYDROCHLORIC ACID

AND STIR; TO EACH OF THE B BEAKERS ADD A DROP OF SODIUM HYDROXIDE
SOLUTION (A BASES OR ALKALI) AND STIR. IF NO COLOR CHANGES OCCUR,

CONTINUE TO ADD ACID, ONE DROP AT A TIME, TO EACH A BEAKER., STIR

RING AFTER EACH ADDITION. BE SURE TO KEEP EACH STIRRING ROD IN

ITS OWN BEAKER.

6. IN THE SAME WAY, ADD BASE TO EACH B BEAKER. Jr, AFTER STIRRING,

A COLOR CHANGE REMAINS IN ANY BEAKER, RECORD THE NEW COLOR NEXT
TO THE OLD AND THE NUMBER OF DROPS OF ACID OR BASE ADDED. WHEN

A COLOR CHANGE HAS OCCURRED IN EITHER BEAKER OF ANY PAIR, YOUR

WORK WITH THAT PAIR IS FINISHED. CONTINUE THE PROCEDURE UNTIL

A COLOR CHANGE HAS OCCURRED IN ONE BEAKER OF EACH PAIR4

STUDYING THE DATA
1. ACCORDING TO THE BACKGROUND INFORMATION GIVEN ABOVE, APPROXIMATELY

WHAT PH SHOULD DISTILLED WAT.R HAVE?

2. AS ACID IS ADDED TO THE A BEAKERS, WHAT HAPPENS TO THE PH VALUE?
AS A BASE IS ADDED TO THE 8 BEAKERS, WHAT HAPPENS TO THE PH VALUE?
KEEPING THESE IDEAS IN MIND AND REFERRING TO YOUR DATA, ARRANGE
THE INDICATOR COLORS IN ORDER OF INCREASING PH.

5. YOUR TEACHER WILL GIVE YOU THE PH RANGE IN WHICH EACH INDICATOR

CHANGES COLOR. WITH A WHOLE SERIES OF SUCH INDICATORS, THE

APPROXIMATE PH OF SOLUTIONS CAN BE WORKED OUT.
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PROCEDURE El: THE pH OF DIFFERENT WATER SAMPLES

OBTAIN SAMPLES OF WATER FROM DIFFERENT AQUATIC ENVIRONMENTS.
AMONG THESE SHOULD BE TAP WATER, AQUARIUM WATER, AND WATER FROM A
POND OR STREAM. WATER MIGHT ALSO BE OBTAINED FROM A SWAMP OR BOG,
FROM A POLLUTED STREAM, FROM A ROADSIDE DITCH, ETC. IF SEAWATER
IS NOT AVAILABLE, A SOLUTION APPROXIMATING IT CAN BE MADE UP IN THE
CHEMISTRY LABORATORY. ARRANGE TEST TUBES ON A TABLE, ONE TUBE FOR
EACH WATER SAMPLE. POUR WATER FROM EACH SAMPLE INTO A SEPARATE
TEST TUBE, AND MARK THE TUBES 30 THAT YOU CAN IDENTIFY THE SOURCE
OF THE WATER.

QUESTIONS:

6. WHAT IS THE PH RANGE DISCOVERED IN YOUR SAMPLES?

7. ACCORDING TO YOUR EVIDENCE, ARE NATURAL WATERS MORE LIKELY
TO BE ACID, OR ARE THEY MORE LIKELY TO BE ALKALINE?

8. CAN YQU THINK OF ANY REASON FOR THIS? IF 30, STATE IT.

9. WHAT WAS THE SOURCE OF THE SAMPLE THAT IS FARTHEST FROM
NEUTRAL?

10. CAN YOU EXPLAIN WHY IT IS SO ACID OR SO ALKALINE?
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BEHAVIOR OF MATTER
LEVEL: HIGH SCHOOL

ACTIVITY: HYDRONIUM ION CONCENTRATION, PH

PURPOSE: To DETERMINE THE PH OF VARIOUS SOLUTIONS OF COMPARABLE
CONCENTRATION, AND TO STUDY THE EFFECT OF DILUTION ON THE PH OF
ACIOS AND A METALLIC HYDROXIDE.

MATERIALS:

BEAKER, 250 ML
TEST TUBES
SOLUTIONS OF ACETIC ACID (0.10M)
AMMONIA WATER (0.10M)
AMMONIUM ACETATE (0010M)
PHOSPHORIC ACID i0.033M)
SODIUM CHLORIOE 0.10M)

SODIUM HYOROXIOE (0010M)

GRADUATED CYLINDERS, 10 ML, 50 ML
PH PAPERS, WIDE RANGE1 I.E. A & Bp

NARROW RANGE, I.E. D$ HYDRION
PAPERS OR EQUIVALENT PH PAPERS

H HYDROCHLORIC ACID (0.10M)
SODIUM CARBOIATE (00050M)
SODIUM HYDROGEN CARBONATE (0.10M)

INTRODUCTION:
THE CONCENTRATION OF HYDONIUM ION IS USUALLY REPRESENTED BY THE

EXPRESSION (H301 WHICH MEANS THE HYDRONIUM ION CONCENTRATION IN
MOLES (GRAMIONS) PER LITER OF SOLUTION. A ONE MOLAR (1.0.M) SOLU
T1ON OF HYDRONIUM IONS CONTAINS 1 MOLES 19 G1 OF HYDRONIUM ION PER
LITER OF SOLUTION.

PURE WATER SLIGHTLY IONIZED AND CONTAINS 0.0000001 MOLE OF
HYDRONIUM ION PER LITER. ITS HYDRONIUM ION 4ONCENTRATION, (H301 IS
THEREFORE REPRESENTED AS 1.0 X 10-7 M OR 10'1 M. SINCE PURE WATER

IS NEU;RAL, ITS HYDROXIDE ION CONCENTRATION IS ALSO 1.0 X 10'7 M

OR uri M. IN ANY WATER SOLUTIONS THE PROOUCT or THE HYDRONIUM AND
HYOROXIDE ION CONCENTRAT1OVS IS KNOWN AS THE ION - PRODUCT OF WATER

AND IS EQUAL TO 1.0 X 10'14. THIS EQUILIBRIUM IS REPRESENTED BY
THE EQUATION:

H2O + H2O H30+ + OH-

FOR NEUTRAL WATER,. (25°C)
Kw = 10-14 = (H,04.) x 10-6

= (1 x lo-7)3 ( 1 x 10-7) = 1 x 10-14

THE PH OF A SOLUTION IS DEFINED AS THE COMMON LOGARITHM OF THE
RECIPROCAL OF THE HYDRONIUM ION CONCENTRATION. FOR NEUTRAL WATERS

PH = LOG 1 = LOG 1

0.0000001 10-7

THEREFORE: PH = LOG 107, AND PH = 7.

IF THE HYDRONIUM iON CONCENTRATION IS GREATER THAN THAT OF PURE WATER,
THE PH OF THE SOLUTION IS NUMBERICALLY LESS THAN 10 THUS, FOR A

SOLUTION WHICH IS Ado SUCH AS o.cccool-m (1 x lo - M) HCI COMPLETELY

IONIZED), THE PH IS 6. FOR ACIDIC SOLUTIONS, THEREFORE, THE PH IS

SMALLER THAN 7. THE SMALLER THE PH THE LARGER THE HYORONIUM ION

CONCENTRATION. IF THE SOLUTION IS BASIC, ITS HYDRONIUM ION CONCEN-
TRATION IS LESS THAT 10'7 M AND ITS PH IS LARGER THAN 7. FOR A 1 X

10".° -M SOLUTION OF NAOHe(COMPLETELY DISSOCIATED), THE HYDROXIDE ION

CONCENTRATAON IS 1 X 10..v. ITS HYDRONIUM ION CONCENTRATION THEREFORE

IS 1 X 10'00, AND ITS PH IS 8.
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Kw = 10.44 = (H301 x 104

(H301 = 10.'8; THE PH BEING 8

SUGGESTIONS:
THE TEACHER MAY WISH TO DEMONSTRATE THE USE OF A PH METER TO

COMPLEMENT THE USE OF THE INDICATOR AND TO OBTAIN MORE EXACT PH
READINGS.

PROCEDURE:

1. TEST FOR THE PH OF EACH OF THE SOLUTIONS BY DIPPING A STIRRING
ROD INTO EACH OF THE SOLUTIONS AND APPLYING FIRST TO THE WIDE
RANGE PH PAPER (A AND B) AND IF NECESSARY, TO THE NARROW (SHORT)
RANGE PAPER (D). RECORD YOUR OBSERVATIONS AND COMPLETE DATA
TABLE 1.

2. EFFECT OF DILUTION ON PH OF ACIDS AND HYDROXIDES.. START WITH
5.0 ML OF STOCK (001M) SOLUTIONS AND DILUTE TO.50 ML. SAVE
5 ML OF THE DILUTED SOLUTION IN A PROPERLY LABELED TEST TUBE
AND USE ANOTHER 5.0 ML FOR THE NEXT DILUTION TO 50 M. REPEAT THE
DILUTION PROCESS 4 TIMES FOR EACH STOCK 0.1M SOLUTIONS IN EACH CASE
SAVING THE 5.0 ML SAMPLE FOR TESTING WITH THE PH PAPERS AS IN PART
.1. RECORD YOUR RESULTS IN DATA TABLE 2.

QUESTIONS:
1. WHICH OF THE SUBSTANCES AMONG THOSE HAVING A DEFINITE` ACIDIC

REACTION IS (A) THE STRONGEST ACID, (B) THE WEAKEST ACID?
(A) (B)

2. WHY IS A 001..M SOLUTION OF NAOFI A MUCH STRONGER BASE THAN A
0.1 -M SOLUTION OF NH

3
-A0

3. WHAASE?T EFFECT
)

DOES DILUTION HAVE ON THE PH OF (A) AN ACID, (B)A BA
. (B)

(

DATA TABLE 1
0.1-N SOLUTIONS INDICATOR COLOR NUMERICAL PH STRENGTH AS ACID

OR BASE

HC I

HC2H302

H3PO4,

NACH

NH3

NACL

NA2CO3

NAHCO3

NH4C2H302

WM& 11111,

=O.

MO.
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Indicator rnlor:; nia:, vary from different manufacturers.

DATA TABLE 2

Ili! elkulatod pH Indicator color

/ / /

Ob pH

1. 0.1 .11

2. 0.01 M

3. 0.t teI AI

4. 0.04301 M

5. 0.00001 M

NaOH Cali idated pH Indicator color Otr.erved pH

1. 0.1 M

2. 0.01 M

3. 0.001 31

4. 0.0001 M

5. 0.00001 M

HC,Ii .0,

1. 0.1 M

2. 0.01 M

3. 0.001 M

4. 0.001 M

5. 0.004)01 Al

210

Indicator color Ob6emed pH
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CHEMICAL FAMILIES
LEVEL: HIGH SCHOOL

ACTIVITY: THE PERIODIC LAW

DIRECTIONS: WRITE ANSWERS TO THE FOLLOWING IN THE SPACES PROVIDED.
WHERE APPROPRIATES MAKE COMPLETE STATEMENTS.

1. WHO DID THE PIONEER WORK ON THE PERIODIC TABLE WE USE TODAY?

2. WHAT IMPORTANT USE DID HE MAKE OF HIS PERIODIC TABLE?

3. IN WHAT ORDER ARE THE ELEMENTS LISTED IN OUR PRESENT PERIODIC
TABLE?

4. How DID MOSELEY ACCOUNT FOR THE FACT THAT THE X -RAY WAVELENGTHS
OBTAINED FROM TWO SUCCESSIVE KNOWN ELEMENTS SOMETIMES HAD TWICE
THE EXPECTED VARIATION?

5. STATE THE PERIODIC LAW.

6. WHAT NAME IS GIVEN TO THE ELEMENTS IN A VERTICAL COLUMN OF THE
PERIODIC TABLE?

7. WHAT NAME IS GIVEN TO THE ELEMENTS IN A HORIZONTAL ROW OF THE
PERIODIC TABLE?

8. WHAT NAME IS GIVEN TO ELEMENTS WHOSE ATOMS USUALLY DIFFER IN
ELECTRON CONFIGURATION BY THE ENTRANCE OF SUCCESSIVE ELECTRONS

IN A D SUBLEVEL?

9. WHAT NAME IS GIVEN TO ELEMENTS WHOSE ATOMS USUALLY DIFFER IN
ELECTRON CONFIGURATION BY THE ENTRANCE OF SUCCESSIVE ELECTRONS
IN AN F SUBLEVEL?

10. COMPOSE TWO STATEMENTS DESCRIBING THE PERIODICITY OF ATOMIC

RADII.

11. IN THE REACTION, A + ENERGY--A+ E's (A) WHAT KIND OF A PARTICLE

iS A.*?

(a) WHAT NAME DESCRIBES THE ENERGY INVOLVED?

12. IN QUESTION 11, WHAT KIND OF ELEMENT ts A GENERALLY IF THE QUANTITY

OF ENERGY (A) IS LOW?

(a) IS HIGH?
(C) IS OF INTERMEDIATE VALUE?

13. How DOES THE IONIZATION ENERGY VARY WITH ATOMIC NUMBER WITHIN

A FAMILY OF NONTRANSITION'ELEMENTS?
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14. WHAT CAUSES THE PERIODIC VARIATION OF IONIZATION ENERGY ACROSS A
ROW OF ELEMENTS IN THE PERIODIC TABLE?

15. WHY IS THE IONIZATION ENERGY REQUIRED TO REMOVE THE SECOND ELEC-
TRON FROM THE NA ATOM SO VERY MUCH GREATER THAN THAT NEEDED TO
REMOVE THE FIRST ELECTRON?

16. WHY IS THE IONIZATION ENERGY NEEDED TO REMOVE THE FIRST TWO ELEC-
TRONS FROM THE MG ATOM RELATIVELY LOW?

17. WHY IS IT EASIER TO REMOVE THE FIRST ELECTRON FROM THE AL ATOM
THAN IT IS TO REMOVE THE FIRST ELECTRON FROM THE MG ATOM?

18. IN THE REACTION, A + E--A + ENERGY, (A) WHAT KIND OF A PARTICLE
IS A'?

(B) WHAT NAME DESCRIBES THE ENERGY INVOLVED?

19. FILL IN THE BLOCKS WITH THE SYMBOLS, ATOMIC NUMBERS, ELECTRON..
CONFIGURATION NOTATION, AND BRIEF STATEMENTS OF PROPERTIES OF THE
ELEMENTS OF THE SECOND AND THIRD PERIODS AS HAS BEEN DONE FOR
BERYLLIUM AND MAGNESIUM BELOW.

20. IN WHICH SHELL IS THE DIFFERENTIATING ELECTRON BETWEEN SUCCESSIVE
TRANSITION ELEMENTS?

21. IN WHICH SHELL IS THE DIFFERENTIATING ELECTRON BETWEEN SUCCESSIVE
RARE -EARTH ELEMENTS?

22. WHAT ARE THE PRESENT USES OF THE PERIODIC TABLE?

23. FILL IN THE BLOCKS WITH THE NAMES, SYMBOLS, ATOMIC NUMBERS,
.F:LECTRON CONFIGURATIONS, AND OTHER DESIGNATED INFORMATION ON

FOLLOWING PAGE.

BE

1 is

SIL-

VERY 2
METAL

MG
12

1s,

2e
so. 2p

VERY 3S

METAL
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CHEMICAL FAMILIES
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CHEMISTRY - CHEMICAL FAMILIES

CHEMIST
DENTIST
ENGINEERING TECHNICIAN
GEOLOGIST
HOME ECONOMIST
OCEANOGRAPHER

PHYSICIAN
REGISTERED NURSE
TECHNICAL WRITER
AGRIBUSINESS TECHNICIAN
DAIRY PRODUCTION TECHNICIAN
FARMER
FISH CULTURE TECHNICIAN
LIVESTOCK PRODUCTION TECHNICIAN
ELECTROPLATER
JEWELERS , JEWEL REPAIRMEN

/2

DENTAL HYGENIST
DIETITIANS
CHEMICAL ENGINEER
GEOPHYSICIST
'MEDICAL TECHNOLOGIST
PHARMACIST
PRACTICAL NURSC
TEACHER SECONDARY - COLLEGE

VETERINARIAN
AGRICULTURE EXTENSION WORKER
FARM CROP PRODUCTION TECHNICIAN
FISH & WILDLIFE TECHNICIAN
FORESTER
SOIL SCIENTIST
DENTAL LABORATORY TECHNICIAN
WELDERS
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CHEMICAL FAMILIES
LEVEL: HIGH SCHOOL

ACTIVITY: THE PERIODIC TABLE

PROBLEM:
THE SCIENTIST USES THE PERIODIC TABLE FOR MANY PURPOSES. IT IS

MOST USEFUL IN THE PREDICTION OF PROPERTIES OF ELEMENTS WHICH ARE
DRAWN UP INTO GROUPS OF RELATED ELEMENTS OR "FAMILIES." How ACCURATELY

CAN WE PREDICT SOME OF THESE PROPERTIES?

INVESTIGATION:
THE HALOGEN FAMILY (THE SALTFORMERS) IS MADE UP OF FOUR ELEMENTS:

FLUORINE (F), CHLORINE (CO, BROMINE (BR) AND IODINE (I). WHEN THE

VARIOUS PROPERTIES OF THESE FOUR ELEMENTS ARE CLASSIFIED, THE RESULTS

ARE AS LISTED IN THE FOLLOWING TABLE.

ATOMIC ATOMIC SPECIFIC

MASS NUMBER DENSITY GRAVITY

APPEARANCE AT
ROOM TEMP.

MELTING BOILING
POINT POINT

FLUORINE 19 9 1.69 1.11 PALE YELLOW GAS -2230C 115°C

CHLORINE 35 17 3.24 1.56 GREENISH YELLOW GAS 103°C 34.6°C.

BROMINE 80 35 7.59 3.12 REDDISH BROWN LIQUID 7.2°C 58.7 °C

IODINE 127 53 11.27 4.93 GRAYISWBLACK SOLID 11 3.5°C 184°C

INTERPRETATION:
1. FLUORINE IS THE MOST ACTIVE NONMETAL. CHLORINE IS LESS ACTIVE THAN

FLUORINE, BUT MORE ACTIVE THAN EITHER BROMINE OR IODINE. WHAT PRE

DICTIONS COULD YOU MAKE CONCERNING THE ACTIVITY OF BOTH BROMINE AND

IODINE?

2. How MANY ELECTRONS ARE IN THE OUTER ENERGY SHELL OF CHLORINE?

3. WHAT ARE THE VALENCES OF BOTH CHLORINE AND IODINE?

4. How DO you THINK THE VALENCE OF BROMINE AND IODINE COMPARE?

5. FLUORINE COMBINES EXPLOSIVELY WITH HYDROGEN. WHAT LIKELIHOOD

IS THERE THAT THE OTHER HALOGENS WILL ALSO COMBINE WITH HYDRO..

GEN?

6. CAN YOU ESTABLISH ANY RELATIONSHIP BETWEEN THE ATOMIC MASS OF AN

ELEMENT AND ITS BOILING POINT?

7. WHAT MIGHT BE SIMILAR RELATIONSHIPS.BLTWEEN THE ATOMIC MASS AND

ANY OTHER DATA LISTED IN THE TABLE?
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8. ASTATINE, AN ELEMENT OF ATOMIC NUMBER 85 AND ATOMIC MASS 211,
HAS ALSO BEEN CONSIDERED A HALOGEN. WHAT ARE SOME OF THE POSSIBLE
PROPERTIES WHICH YOU THINK IT MIGHT HAVE?

SPECIFIC
DENSITY GRAVITY

APPLICATION:

APPEARANCC AT
ROOM TEMP.

MELTING BOILING
POINT POINT

CONSULT A PERIODIC TABLE AND ANSWER THE FOLLOWING QUESTIONS:

1. IN THE SPACE AT THE RIGHT, ARRANGE THE FOLLOWING ELEMENTS IN
ORDER OF THEIR CHEMICAL ACTIVITY%

ELEMENT SYMBOL AT. No.

POTASSIUM K 19

LITHIUM Li 3
RUBIDIUM Re 37

2. WHICH ELEMENT OF THE FOLLOWING WOULD CALCIUM (AT. NO. 20) MOST
LIKELY REACT WITH? (CIRCLE THE PROPER ATOMIC NUMBER).

3 24 16 4o 47

1 1't) 0
.A., .r.:,...
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CHEMICAL FAMILIES
LEVEL: HIGH SCHOOL

ACTIVITY: BORAX BEAD TESTS

PURPOSE: TO LEARN HOW TO IDENTIFY METALS BY THE COLDR THEY IMPART
TO A BDRAX BEAD.

MATERIAL:
BURNER AND TUBING
5CM LENGTH OF No. 24 PLATINUM WIRE,

SEALED IN THE END DF A GLASS TUBE
10 CM LONG

IRON (II) SULFATE
NICKEL (II) CHLORIDE

DISH, EVAPORATING
BORAX, POWDERED
CHROMIUM (III) SULFATE

COBALT (II) NITRATE
MANGANESE (II) SULFATE
UNKNDWN SALT

INTRODUCTION:
BORAX IS HYDRATED SODIUM TETRABORATE, NA2B407, 10 H20. WHEN

IT IS HEATED STRONGLY,IT LOSES WATER OF HYDRATION AND FUSES TO FORM A
COLORLESS GLASSY SOLID. A TINY TRACE OF CERTAIN METALLIC COMPOUNDS,
WHEN FUSED AS OXIDES WITH SUCH A BDRAX GLASS, IMPARTS A CHARACTERIS
TIC COLOR WHICH MAY BE USED TO IDENTIFY THE METAL. THE COLORED BEAD

FORMED IN THE LOOP AT THE END OF A PLATINUM WIRE IS A METABORATE OF
THE METAL.

PROCEDURE:
A. MAKE A BORAX BEAD AS FOLLOWS: BEND THE TIP OF A PLATINUM WIRE

AROUND THE POINT OF A LEAD PENCIL TO FORM A LOOP ABOUT 3 MM IN

DIAMETER. HEAT THE WIRE WHITEHOT AND THEN DIP IT INTO SOME

POWDERED BORAX. HOLD IT IN THE 01IiMiZING FLAME OF YOUR BURNER

UNTIL THE BORAX HAS MELTED TO A CLEAR GLASS. AVOID USING TOO

MUCH BORAX AS A LARGE BEAD WILL SIMPLY DROP OFF THE WIRE. A

CERTAIN AMOUNT OF EXPERIMENTATION IS NECESSARY TO GET THE BEST

RESULTS,

OBSERVATIONS:

B. REHEAT THE BEAD IN THE LOOP OF WIRE AND TOUCH ITS WHILE HOT,
TO A VERY SMALL FRAGMENT (NOT BIGGER THAN A TINY SPECK) OF CO

BALT (II) NITRATE. NDW HEAT THE BEAD AGAIN IN THE OXIDIZING

FLAME. THE FIRST FRAGMENT WILL PROBABLY BE ENOUGH TO IMPART
A DISTINCT COLOR TO THE BEAD. IF IT DOES NOT DO GO, ADD ANOTHER

TINY SPECK OF THE COBALT (II) SALT. THE BEAD THAT FORMS SHOULD

BE CDLORED, BUT CLEAR AND TRANSPARENT. IF IT IS BLACK OR OPAQUE,

TOO MUCH CDBALT (II) NITRATE WAS USED, IN SUCH AN EVENT, YOU

MUST MAKE A NEW BEAD AND START OVER. TO REMOVE THE BEAD FROM

THE WIRE, HEAT IT STRONGLY, HOLD IT OVER AN EVAPORATING DISH, AND
STRIKE THE HAND HOLDING THE WIRE AGAINST THE CLENCHED FIST OF

YOUR OTHER HAND. MOST OF THE BEAD WILL BE DISLODGED AND DROP

INTO THE EVAPORATING DISH. TRACES OF THE BEAD REMAINING CAN BE
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REMOVED BY HEATING THE WIRE AND THEN PLUNGING IT INTO COLD WATER.
(CAUTION: DO NOT DIP THE END OF THE GLASS HANDLE IN THE WATER.
WHY?) THE SHATTERED FRAGMENTS OF THE BEAD CAN THEN BE RUBBED OFF
BETWEEN THE FINGERS.

OBSERVATIONS:

Co BEFORE MAKING A NEW BEAD WITH A DIFFERENT METALLIC COMPOUND,
CLEAN THE WIRE BY MAKING A BORAX BEAD AND SHAKING IT OFF INTO
THE EVAPORATING DISH. REPEAT IF NECESSARY. THE MELTED BORAX
REMOVES TRACES OF THE COLORED BEAD FROM THE PREVIOUS TEST.

DETERMINE THE COLOR IMPARTED TO BORAX BEADS BY TRACES OF
THE FOLLOWING COMPOUNDS: CHROMIUM (III) SULFATE, MANGANESE (II)
SULFATE, AND NICKEL (II) CHLORIDE. RECORD YOUR RESULTS IN THE
DATA TABLE.

OBSERVATIONS:

D. THE COLOR OF A BEAD, COLORED BY AN IRON COMPOUND, DEPENDS ON
WHETHER THE BEAD IS HEATED IN THE OXIDIZING OR IN THE REDUCING
FLAME OF YOUR BURNER. IRON (II) METABORATE HAS A DIFFERENT
COLOR FROM IRON (III) METABORATE. ADD A TRACE OF IRON (II)
SULFATE TO THE BORAX BEAD, AND THEN HEAT IT IN THE OXIDIZING
FLAME OF YOUR BURNER. REPEAT, USING IRON (11) SULFATE, BUT
HOLD THE BEAD IN THE REDUCING FLAME. ALLOW THIS SECOND BEAD TO
COOL IN THE UNBURNED GAS JUST ABOVE THE TOP OF THE BURNER BEFORE
YOU EXPOSE IT TO THE AIR. RECORD THE RESULTS IN THE DATA TABLE
AS BEFORE.

OBSERVATIONS:

E. PROCURE AN UNKNOWN FROM YOUR INSTRUCTOR AND PROCEED TO IDENTIFY
THE METAL IT CONTAINS BY THE BORAX BEAD TEST. RECORD YOUR RE
SULTS IN THE DATA TABLE.

OBSERVATIONS:
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DATA TABLE

METAL PRESENT
BEAD COLOh
WHEN COOL)

COBALT

CHROMIUM

MANGANESE

NICKEL

IRON (OXIDIZING FLAME)

IRON (REDUCING FLAME)

UNKNOWN

THE METAL PRESENT IN THE UNKNOWN WAS

QUESTIONS: ANSWER IN COMPLETE STATEMENTS

1. WHY IS THE IRON -BEAD COLOR DIFFERENT WHEN FORMED IN THE OXIDIZING
FLAME RATHER THAN IN THE REDUCING FLAME?

2. WHAT COLORING ELEMENT WOULD YOU SUSPECT IN PALE-GREEN GLASS?

WHAT WOULD BE THE LIKELY SOURCE?
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CHEMICAL FAMILIES
LEVEL: HIGH SCHOOL

ACTIVITY: CONDUCTIVITY OF SOLUTIONS

MATERIALS: (PER TEAM)
8 JARS OR BEAKERS, 250-ML

SOLUTIONS:
SODIUM CHLORIDE (NACL)
SODIUM HYDROXIDE (NAOH)

TABLE SUGAR (C12H22011)
BARIUM CHLORIDE (BACL2)

CONDUCTIVITY INDICATOR, BATTERY
OPERATED

HYDROCHLORIC ACID (HCL)
METHYL ALCOHOL (CH OH)

POTASSIUM BROMIDE CKBR)

PROCEDURES:
A. ARRANGE A SERIES OF EIGHT JARS OR BEAKERS, EACH CONTAINING ONE

OF THE SOLUTIONS LISTED. LABEL EACH JAR. POUR SOME DISTILLED
WATER INTO THE EIGHTH BEAKER. COPY THE CHART SHOWN BELOW.

B. PLACE THE TWO ELECTRODES OF THE CONDUCTIVITY INDICATOR IN ONE
OF THE SOLUTIONS. RECORD YOUR OBSERVATIONS ON THE CHART. WIPE

THE ELECTRODES CAREFULLY, AND TEST ANOTHER' SOLUTION. RECORD YOUR

OBSERVATIONS. REPEAT WITH EACH SOLUTION. DO NOT ALLOW THIS ELEC...

TRODESIO TOUCH AND TRY TO KEEP THEM THE SAME DISTANCE APART FOR

ALL TRIALS.

GLOW OF LIGHT BULB

SOLUTION BRIGHT I Dim NONE

SODIUM CHLORIDE NACL

HYOPOCHLeri1C :.CID HCL

SODIUM HYDROXIDE NAOH

METHYL ALCOHOL CH OH

TABLE SUGAR C12H22 11

POTASSIUM BROMIDE KBR

BARIUM CHLORIDE BACL2

WATER H2O

INTERPRETATIONS:
1. WHICH ELEMENTS LISTED SEEM TO FORM COMPOUNDS THAT CONDUCT ELECTRICITY?

2. RECALL THAT ELEMENTS IN THE LITHIUM FAMILY LOSE ELECTRONS, AND ELEMENTS
IN THE FLUORINE FAMILY GAIN ELECTRONS MORE EASILY THAN DO ELEMENTS IN

OTHER FAMILIES. IS THE EASE WITH WHICH AN ELEMENT GAINS OR LOSES ELEC
TRONS RELATED TO THE CONDUCTING ABILITY OF A SOLUTION CONTAINING A

COMPOUND OF THAT ELEMENT? IF SO, DESCRIBE THE RELATIONSHIP.

3. NAME SOME OTHER COMPOUNDS THAT SHOULD CONDUCT ELECTRICITY. if YOU

TEST YOUR HYPOTHESES, BE SURE TO CHECK WITH YOUR TEACHER FIRST.

4. COMPARE THE CONDUCTIVITY OF THE ORY CHEMICALS WITH THE CONDUCTIVITY

OF THE SAME CHEMICALS IN SOLUTION. EXPLAIN ANY DIFFERENCES NOTED.

5. DESCRIBE A MODEL THAT MIGHT EXPLAIN WHY CERTAIN SOLUTIONS ARE ABLE

TO CONDUCT ELECTRICITY WHILE OTHERS ARE NOT.
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CHEMICAL FAMILIES
LEVEL: HIGH SCHOOL

ACTIVITY: AMMONIA, THE AMMONIUM ION, AND THE NITRATE ION

PURPOSE: To PREPARE AMMONIA, STUDY ITS PROPERTIES, AND TO DIFFERENTIATE
BETWEEN THE AMMONIA MOLECULE AND THE AMMONIUM ION. To LEARN HOW TO
IDENTIFY THE NITRATE ION.

MATEAIAL:
BALANCE, PLATFORM
2 BOTTLES, WIDE MOUTH
CLAMP, BURET
FORCEPS

GLASS PLATES
MORTAR AND PESTLE
3 RUBBER STOPPERS, SOLID No. 2
TEST TUBES
WING TOP
AMMONIUM SULFATE
IRON (II) SULFATE
WOODEN SPLINTS
HYDROCHLORIC ACID, CONCENTRATED
SULFURIC ACID, CONCENTRATED
SOLUTIONS OF:
POTASSIUM HYDROXIDE (2.5 M)
SODIUM NITRATE (0.5 M)

BEAKER, 250 ML
BURNER AND TUBING
CLAMP, TEST TUBE
GLASS BEND
GRADUATED CYLINDER
RING STAND
RUBBER STOPPER, 1 -HOLE No. 4
TEST TUBE, PYREX
AMMONIUM CHLORIDE
CALCIUM HYDROXIDE
LITMUS PAPERS, RED AND BLUE
AMMONIA -WATER SOLUTION, CON-

CENTRATED

SODIUM HYDROXIDE (2.5 M)

INTRODUCTION:
ALMOST EVERYONE IS FAMILIAR WITH THE PENETRATING ODOR OF AMMONIA.

AMMONIA, NHS, IS A GAS AT ORDINARY TEMPERATURES AND PRESSURES. THE
AMMONIUM son, NH4+, IS A RADICAL WITH A POSITIVE CHARGE OF ONE WHICH
IS NEVER FOUND ALONE, BUT ALWAYS IN CONJUNCTION WITH A NEGATIVE ION.
WHEN A SOLUTION OF A HYDROXIDE REACTS WITH AN AMMONIUM COMPOUNDS,
THE PRODUCTS ARE A SALT, AMMONIA, AND WATER. IF ANY AMMONIUM HYDROXIDE
MOLECULES ARE FORMED AT ALL, THEY DO NOT PERSIST AS SUCH, BUT IMMED-
IATELY DECOMPOSE INTO AMMONIA AND WATER. SOME OF THE AMMONIA ESCAPES
FROM THE SOLUTION AS A GAS; AS A RESULT, SUCH MIXTURES HAVE THE READILY
DETECTED ODOR OF AMMONIA.

PROCEDURE:
1. PUT 0.5 G OF DRY AMMONIUM CHLORIDE ON ONE SQUARE OF RAPER, AND
0.5 G OF CALCIUM HYDROXIDE ON ANOTHER SQUARE. SMELL EACH OF THE CHEM...

CALS IN TURN. RESULT? THEN MIX THE CHEMICALS, STIRRING THEM TOGETHER.
PUT A SMALL QUANTITY OF THE MIXED CHEMICALS IN THE PALM OF ONE HAND,
AND THEN RUB YOUR PALMS TOGETHER FOR A HALF- MINUTE. NOW, CAUTIOUSLY,

SMELL THE MIXTURE IN YOUR HAND. RESULT? HOLD A PIECE OF WET, RED

LITMUS PAPER JUST ABOVE THE CHEMICAL MIXTURE IN YOUR PALM. RESULT?

EXPLAIN.

OBSERVATIONS:



2. REPEAT PART is USING AMMONIUM SULFATE INSTEAD OF AMMONIUM CHLORIDE,

OBSERVATIONS:

3. FIT A LARGE PYREX TEST TUBE WITH A RUBBER STOPPER AND LTUBE AS

SHOWN BELOW. GENTLY MIX 4 G OF AMMONIUM CHLORIDE AND 3 G OF CALCIUM
HYDROXIDE IN A MORTARS AND THEN ADD THE MIXTURE TO THE TEST TUBE.
SPREAD THE MIXTURE IN THE TEST TUBE. WHY? CLAMP THE TEST TUBE IN THE

POSITION SHOWN FOR COLLECTING THE GAS. THE ROUND END or THE TEST TUBE

SHOULD BE SLIGHTLY HIGHER THAN THE STOPPER END. WHY? (WHAT PRODUCTS

ARE FORMED?) HEAT THE TEST TUBE GENTLY AND COLLECT THREE DRY, SMALL

TEST TUBES OF THE GAS AND STOPPER THEM. THE COLOR CHANGE OF MOIST

STRIPS OF RED LITMUS PAPER HELD ABOUT TWO INCHES FROM THE OPEN END
OF A TEST TUBE WILL INDICATE WHEN IT IS FULL OF AMMONIA. WHAT PHYSI
CAL PROPERTIES OF AMMONIA HAVE YOU OBSERVED IN THIS PREPARATION?

OBSERVATIONS:

4. USING THE SAMPLE OF AMMONIA IN ONE SMALL TEST TUBE, DEVISE AND

CONDUCT AN EXPERIMENT TO DETERMINE THE DEGREE OF SOLUBILITY OF AMSIO

NIA IN WATER. DESCRIBE YOUR EXPERIMENT AND THE RESULTS YOU OZTAIN.

OBSERVATIONS:
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5. USING THE SAMPLE OF AMMONIA IN A SECOND SMALL TEST TUBE, DEVISE
AND CONDUCT AN EXPERIMENT TO DETERMINE IF AMMONIA BURNS AND/OR SUPPORTS

COMBUSTION. DESCRIBE YOUR EXPERIMENT, INCLUDING THE PROPER TEST TUBE

POSITION, AND THE RESULTS YOU OBTAIN.

OBSERVATIONS:

6. ADJUST THE GENERATOR SO THAT AMMONIA CAN BE PASSED INTO A SMALL
BEAKER HALF -FULL OF WATER FOR A FEW MINUTES. Do NOT LET THE END OF

THE TUBE TOUCH THE SURFACE OF THE WATER. WHY? USING AN APPROPRIATE
TECHNIQUE, TEST THE SOLUTION FORMED WITH LITMUS PAPER. RESULT? THEN

POUR 10 ML OF THE SOLUTION FORMED INTO A TEST TUBE. BOIL THE SOLUTION

FOR SEVERAL MINUTES, USING A LOW BURNER FLAME. FROM TIME TO TIME

TEST THE SOLUTION, USING A PROPER METHOD, TO DETERMINE WHETHER ALL
THE GAS IN EXPELLED FROM SOLUTION BY BOILING. RESULT?

OBSERVATIONS:

7. INVESTIGATE THE POSSIBILITY OF A REACTION BETWEEN AMMONIUM CHLORIDE

AND SODIUM HYDROXIDE IN SOLUTION, DETERMINE THE NECESSARY CONDITIONS

AND THE PROBABLE PRODUCTS OF SUCH A REACTION. HOW COULD YOU IDENTIFY

THE PRODUCTS? AFTER DEVISING A SUITABLE TECHNIQUE, CARRY OUT THE

REACTION, IDENTIFYING THE GASEOUS PRODUCT, DESCRIBE YOUR EXPERIMENTAL

METHOD AND YOUR RESULTS. IN A SIMILAR MANNER, INVESTIGATE THE POSSI-

BILITY OF A REACTION BETWEEN AMMONIUM SULFATE AND POTASSIUM HYDROXIDE

IN SOLUTION. CARRY OUT THE REACTION, IDENTIFYING TdE GASEOUS PRODUCT.

DESCRIBE YOUR RESULTS.

OBSERVATIONS:

8. ADD ONE GRAM OF AMMONIUM CHLORIDE CRYSTALS TO A DRY TEST TUBE.

USING A LOW BURNER FLAME, HEAT THE TUBE GENTLY. AT THE SAME TIME,

HOLD WITH FORCEPS A STRIP OF MOIST RED LITMUS PAPER INSIDE THE MOUTH

OF THE TUBE. KEEP THE LITMUS PAPER MOIST BY ADDING A DROP OFWATER

FROM A GLASS ROD AS NEEDED. LOOK FOR FIRST ONE, AND THEN ANOTHER,

COLOR CHANGE TO OCCUR IN THE LITMUS PAPER. RESULT? WHY? WHAT

COLLECTS ON THE UPPER WALLS OF THE TEST TUBE? How DID IT GET THERE?
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OBSERVATIONS:

9. USING A LOW BURNER FLAME, CAREFULLY HEAT TWO WIDEMOUTH BOTTLES
UNTIL THEY ARE MODERATELY WARM TO THE TOUCH. ADD THREE DROPS OF CON
CENTRATED HYDROCHLORIC ACID TO ONE BOTTLE AND COVER IT WITH A GLASS
PLATE. WHAT HAPPENS TO THE CONCENTRATED HYDROCHLORIC ACID WHEN PLACED
IN A WARM BOTTLE? TAKE THE OTHER BOTTLE TO A DISTANT CORNER OF THE
LABORATORY AND THERE ADD THREE DROPS OF CONCENTRATED AMMONIAWATER
SOLUTION TO IT AND COVER WITH A GLASS PLATE. WHAT HAPPENS TO THE
'CONCENTRATED AMMONIAWATER SOLUTION? BRING THE COVERED BOTTLE CON-
TAINING AMMONIA TO YOUR WORK PLACE AND INVERT IT OVER HE BOTTLE
CONTAINING THE HYDROGEN CHLORIDE. REMOVE THE GLASS PLATES. RESULT?
EXPLAIN.

OBSERVATIONS:

10. PREPARE A SOLUTION OF AMMONIUM CHLORIDE BY ADDING 0.5 OF THIS
SALT TO 10 ML OF WATER. SIMILARLY PREPARE A SOLUTION OF AMMONIUM
SULFATE. TEST EACH SOLUTION WITH RED AND BLUE LITMUS PAPERS. RESULTS?
EXPLAIN THE RESULTS IN TERMS OF THE BRONSTED ACIDBASE CONCEPT.

OBSERVATIONS:

11. PLACE 5 ML OF FRESHLY PREPARED IRON (ii) SULFATE SOLUTION IN A
TEST TUBE. ADD 2 ML OF SODIUM NITRATE SOLUTION. MIX THE SOLUTIONS,
AND THEN ADD 3 ML OF CONCENTRATED SULFURIC ACID, HOLDING THE TEST TUBE
IN AN INCLINED POSITION SO THE ACID WILL RUN ['OWN THE SIDE OF THE TUBE
WITHOUT MIXING WITH THE CONTENTS THE DENSE SULFURIC ACID SINKS TO
THE BOTTOM OF THE TUBE. THE COLORED LAYER FORMED WHERE THE TWO LIQUIDS
MEET SERVES AS TEST FOR A NITRATE. REPEAT THE TEST, USING 1 NITRIC
ACID: 25 WATER (YOU PREPARE) INSTEAD OF SODIUM NITRATE SOLUTION.
RESULT?

OBSERVATIONS:
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EQUATIONS:

WRITE IONIC EQUATIONS WHERE APPROPRIATE.

1. AMMONIUM CHLORIDE AND CALCIUM HYDROXIDE

2. AMMONIUM SULFATE AND CALCIUM HYDROXIDE

3. AMMONIA AND WATER

4. AMMONIUM CHLORIDE AND SODIUM HYDROXIDE

5. AMMONIUM SULFATE AND POTASSIUM HYDROXIDE

6. HEATING DRY AMMONIUM CHLORIDE

7. AMMONIA AND HYDROGEN CHLORIDE

8. AMMONIUM ION AND WATER
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NUCLEAR ENERGY
LEVEL: HIGH SCHOOL

ACTIVITY: RADIOACTIVE ISOTOPES

PROBLEM:
RADIOACTIVE ISOTOPES, LIKE OTHER RADIOACTIVE SUBSTANCES, GIVE OFF
RADIATIONS THAT CAN BE DETECTED WITH INSTRUMENTS. HOW IS A RADIO-

ACTIVE ISOTOPE USED AS A TRACER ELEMENT TO CHECK ON ABSORPTION OF
THE ELEMENT BY A PLANT?

MATERIALS:
YOUNG TOMATO PLANTS' 5 OR 6 INCHES HIGH WIDEMOUTH BOTTLES LARGE ENOUGH

10 MICROCURIES OF RADIOACTIVE SODIUM TO HOLD THE ROOTS OF THE PLANTS

PHOSPHATE (CONTAINING RADIOACTIVE GEIGER COUNTER

PHOSPHORUS 32) PHOTOGRAPHIC PRINT PAPER

HEAVY ALUMINUM FOIL
(CAUTION: THIS EXPERIMENT SHOULD BE DONE UNDER THE DIRECTION OF A

TEACHER FAMILIAR WITH THE HANDLING OF RADIOACTIVE MATERIALS.)
ALTHOUGH 10 MICROCURIES OF RADIOACTIVE PHOSPHORUS 32 IS RELATIVELY
HARMLESS, ALL RADIOACTIVE MATERIALS SHOULD BE HANDLED CAREFULLY,
SHOULD NOT BE SPILLED ON THE SKIN OR CLOTHING, AND SHOULD BE DIS-
POSED OF BY WASHING DOWN A DRAIN WITH LARGE AMOUNTS OF WATER.

PROCEDURE:
REMOVE A PLANT FROM THE SOIL, AND WASH THE ROOTS CAREFULLY IN

RUNNING WATER. PLACE THE ROOTS OF THE PLANT IN A BOTTLE CONTAINING
WATER AND 10 MICROCURIES OF RADIOACTIVE SODIUM PHOSPHATE. WRAP
THE BOTTLE IN 3 OR 4 SHEETS OF HEAVY ALUMINUM FOIL, AND CHECK THE
OUTSIDE RADIOACTIVITY WITH THE GEIGER COUNTER. AT 15MINUTE INTER
VALS$ REMOVE A LEAF FROM THE BOTTOM AND THE TOP OF THE PLANT. AND
PLACE EACH PAIR OF LEAVES ON A WRAPPED SHEET OF PRINT PAPER. WRAP

THE LEAVES AND THE PRINT PAPER WITH A PIECE OF ALUMINUM FOIL AND
LEAVE IN A DARK PLACE OVERNIGHT. DEVELOP THE PRINT PAPERS. REPEAT

THE EXPERIMENT, USING LEAVES FROM A PLANT IN PLAIN WATER.

OBSERVATIONS:
1. WHAT IS THE PURPOSE OF THE PLANT IN THE BOTTLE OF PLAIN WATER?

2. WHY IS THE EXPERIMENTAL BOTTLE WRAPPED WITH SHEETS OF ALUMINUM

FOIL?

3. DO THE TOP OR BOTTOM LEAVES OF THE PLANT SHOW AN INTAKE OF
RADIOACTIVE MINERALS FIRST?

4. WHAT IS THE EFFECT OF THE LENGTH OF TIME THE PLANT IS IN THE
RADIOACTIVE SOLUTION ON THE AMOUNT OF RADIATION SHOWN BY THE

LEAVES?

INTERPRETATION:
THE STATEMENTS IN COLUMN B EXPLAIN WHY THE LEAVES FROM THE PLANT

IN THE RADIOACTIVE WATERPR ODUCE AN IMAGE ON THE PRINT PAPER. A

NUMBER OF SUPPORTING REASONS THAT EXPLAIN WHY EACH STATEMENT IS TRUE



ARE GIVEN IN COLUMN A. MATCH THE LETTER OF THE CORRECT REASON IN
COLUMN A WITH THE STATEMENT IT SUPPORTS IN COLUMN B AND WRITE THE
LETTER OF YOUR ANSWER IN THE SPACE PROVIDED.

COLUMN A

A. ALL RADIOACTIVE ELEMENTS DISINTE
GRATE AT A CONSTANT RATE.

B. PHOTOGRAPHIC PAPER IS EXPOSED BY
LIGHT OR RADIATIONS.

C. ATOMS OF ISOTOPES HAVE THE SAME
NUMBER OF ELECTRONS AND PROTONS
AS ORDINARY ATOMS OF THE ELEMENT.

D. THE NUMBER OF NEUTRONS IN THE
NUCLEUS OF AN ELEMENT MAY BE
CHANGED IN AN ATOMIC REACTOR.

E. RADIATIONS GIVEN OFF BY A RADIO
ACTIVE SUBSTANCE ARE IN THE FORM
OF HIGHENERGY PARTICLES AND
RAYS.

F. LIVING ORGANISMS USE ATOMS OF
RADIOACTIVE ISOTOPES AND
ORDINARY ELEMENTS IN THE SAME
WAY.

APPLICATIONS:

COLUMN B

1. SOME ELEMENTS CAN BE CHANGED
INTO RADIOACTIVE ISOTOPES.

2. ISOTOPES HAVE THE SAME CHEMI
CAL PROPERTIES AS THE ORDINARY
FORM OF THE ELEMENT.

3. THE LEAVES OF THE PLANT AB
SORB THE RADIOACTIVE ATOMS.

4. THE NUCLEI OF RADIOACTIVE
ATOMS DISINTEGRATE.

5. THE RADIOACTIVE ATOMS IN THE
LEAVES GIVE OFF RADIATIONS.

6. THE RADIATIONS EXPOSE THE
PRINT PAPER TO FORM AN
IMAGE.

RADIOACTIVE IODINE WITH A HALF-LIFE OF EIGHT DAYS IS ONE OF THE PRO
DUCTS FOUND IN THE FALLOUT PRODUCED BY ATOMICBOMB TESTS. THIS

RADIOACTIVE ISOTOPE FINDS ITS WAY INTO FOOD EATEN BY COWS; AND AS
A RESULT, THE MILK PRODUCED MAY CONTAIN A DANGEROUS AMOUNT OF RADIO
ACTIVE MATERIAL. EXPLAIN WHY SOME SCIENTISTS BELIEVE THAT IN TIMES

OF A GREAT DEAL OF FALLOUT IT WOULD BE SAFER TO USE POWDERED OR
CANNED MILK RATHER THAN FRESH MILK.
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NUCLEAR ENERGY
LEVEL: HIGH SCHOOL

ACTIVITY: PROTECTION FROM RADIATIONS

PROBLEM:
You HAVE LEARNED THAT ONE WAY TO REDUCE THE RADIATIONS WHICH AN OBJECT
ABSORBS IS TO INCREASE ITS DISTANCE FROM THE RADIATING SOURCE. IN

SOME CASES, THIS METHOD OF REDUCING RADIATION IS IMPOSSIBLE, AS IN
THE CASE OF SCIENTISTS WHO WORK WITH "HOT" MATERIALS. WHAT ARE THE

EFFECTS OF SHIELDING MATERIALS IN REDUCING THE AMOUNT OF RADIATIONS

ABSORBED?

MATERIALS:
GEIGER COMTER WITH MOVABLE PROBE RADIOACTIVE SOURCES

MOUNTING FIXTURE SECTIONS OF LEAD PIPE

IRON PIPE ALUMINUM TUBING
GRADUATED CYLINDER (100ML) CARDBOARD CYLINDER FROM THE

WRIST WATCH WITH A LUMINOUS DIAL INSIDE OF A TISSUE ROLL

STOP WATCH OR A WATCH WITH A SWEEP SECOND HAND.

PROCEDURE:
CONNECT THE GEIGER COUNTER TO AN ELECTRICAL OUTLET AND TURN IT

ON. LISTEN FOR CLICKSI.OR WATCH FOR FLASHES *WICHEVER METHOD APPLIES
TO THE GEIGER COUNTER IN USE. COSMIC RAYS AND "FALLOUT" WILL PRODUCE
OCCASIONAL CLICKS AND FLASHES ON THE MEASURING INSTRUMENT. THESE

READINGS ARE CALLED THE "BACKGROUND COUNT" AND MUST BE MEASURED OVER
A PERIOD OF TIME. THEN THIS'READING MUST BE SUBTRACTED FROM ANY
SUBSEQUENT READINGS-WHICH ARE MADE WITH RADIOACTIVE MATERIALS OVER
THE SAME PERIOD OF TIME.

PLACE SOURCE A, SOURCE Bo AND THE WATCH DIAL AT UNIFORM DISTANCES

FROM THE PROBE. MEASURE THE READINGS FOG EACH OF THE THREE MATERIALS
UNSHIELDED AND WITH EACH OF THE LISTED SHIELDS. RECORD YOUR DATA

IN THE TABLE BELOW.

OBSERVATIONS:
READINGS AT 25 CM OVER A PERIOD OF 2 MINUTES.

SOURCE A
SOURCE B

WATCH DIAL

SHIELDED SHIELDED

SHIELDED SHIELDED SHIELDED BY GRADU BY CARD*

BY LEAD BY IRON BY ALUMS ATED CYL" BOARD

UNSHIELDED PIPE PIPE NUM TUBING INDER CYLINDER

10

INTERPRETATION:
IN THE FOLLOWING GROUP OF STATEMENTS, PLACE THE LETTER OF THE TERM
WHICH CORRECTLY COMPLETES EACH STATEMENT IN THE SPACE PROVIDED.

1. THE MOST EFFECTIVE SHIELD AGAINST RADIATION IS THE
(A) IRON; (B) GLASS; (C) CARDBOARD; (0) ALUMINUM.
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2. THE LEAST EFFECTIVE SHIELD AGAINST RADIATION IS THE
(A) IRON: (0 GLASS; (C) CARDBOARD; (D) ALUMINUM.

3. ONE WAY TO REDUCE THE RADIATIONS ABSORBED THROUGH
GLASS IS TO (A) USE MORE SQUARES Or GLASS; (8) TURN THE DIAL
TO THE MOST SENSITIVE READING; (C) USE A STRONGER SOURCE;
(D) LESSEN THE DISTANCE BETWEEN SOURCE AND COUNTER.

4. THE CONTINUAL CLICKS WHICH ARE HEARD AS SOON AS THE
COUNTER IS TURNED ON ARE DUE TO (A) RADIUM; (B)
RADIOACTIVE SUBSTANCES WITHIN THE MACHINE; (C)
COSMIC RAYS; (0) LEAD.

5. WHEN MAKINn A READING FOR ANY GIVEN RADIOACTIVE
SOURCE, THE BACKGROUND COUNT IS (A) ADDEO TO THE
READING; (B) SUBTRACTED FROM THE READING; (C) IG-

NORED; (0) MULTIPLIED BY THE READING.

6. IF THE ALUMINUM TUBING PRODUCED A LOWER READING
THAN THE LEAD PIPE, YOU SHOULD SUSPECT (A) THAT THE

ALUMINUM - SHIELDED SOURCE WAS CLOSER TO THE PROBE;

(B) THAT THE LEAD - SHIELDED SOURCE WAS CLOSER TO THE
PROBE; (C) THAT THE THICKNESS OF THE ALUMINUM WAS
LESS; (D) THAT THE THICKNESS OF THE LEAD WAS LESS.

7. IF THE IRON SHOWED LESS SHIELDING POWER THAN THE
CARDBOARD, YOU WOULD SUSPECT (A) THAT THE IRON WAS
THICKER THAN THE CARDBOARD; (B) THAT THE CARDBOARD
WAS THINNER THAN THE IRON; (C) THAT THE PROBE WAS
CLOSER TO THE IRON-SHIELDED SOURCE; (D) THAT THE

P PROBE WAS CLOSER TO THE CARDBOARD - SHIELDED SOURCE.

APPLICATION:

1. X -RAY TECHNICIANS FREQUENTLY WEAR APRONS THAT ARE LINED WITH LEAD.
SCIENTISTS WORKING AROUND NUCLEAR REACTORS DO NOT TAKE THIS PRE

CAUTION. VHAT PRECAUTIONS DO YOU THINK THE LATTER GROUP OF

SCIENTISTS TAKE INSTEAD?

2. WHAT OTHER OCCUPATIONS WOULD NEED TO BE CONCERNED WITH EITHER
THE USE OF RADIOACTIVE MATERIALS OR THE PROTECTION FROM HARM-

FUL RADIATIONS.
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NUCLEAR ENERGY
LEVEL: HIGH SCHOOL

ACTIVITY: ENERGY FROM MATTER

STUDENT ACTIVITIES:
A. MAKE A SPINTHARISCOPE,

A SPINTHARISCOPE IS A DEVICE FOR OBSERVING THE EMISSION OF PART

ICLES FROM A RADIOACTIVE SOURCE.

MATERIALS:
SMALL LENS SMALL BOX (AIRTIGHT)

LUMINOUS WATCH DIAL CONTAINING A RADIOACTIVE SUBSTANCE.

SOME WATCHES USE PHOPHORESCENT PAINT, WHICH DOES NOT CONTAIN A

RADIOACTIVE SUBSTANCE. SUCH WATCHES ARE NOT USEFUL FOR THIS ACTIVITY.

MOUNT THE LENS IN THE LID OF THE BOX. COLOR OR PAINT THE INSIDE

OF THE BOX BLACK. AT THIS POINT, VOU SHOULD BE ABLE TO LOOK INTO

THE BOX AND BE CONVINCED THAT IT IS LIGHTTIGHT. IN THE MIDDLE OF

THE FLOOR OF THE BOX PUT YOUR WATCH DIAL. THIS WILL CONTAIN RADIUM
MIXED WITH SOME PHOSPHORESCENT ZINC SULFIDE SO THAT EACH TIME A RAY
LEAVES THE RADIUM AND STRIKES THE ZINC SULFIDE, IT WILL FLASH. Eh

RAISING OR LOWERING THE BOX LID WITH THE LENS, YOU SHOULD BE ABLE
TO FOCUS ON THE WATCH DIAL AND SEE THESE FLASHES. BE SURE TO ALLOW

A FEW MINUTES FOR YOUR EYES TO BECOME ACCUSTOMED TO THE DARK BEFORE

YOU MAKE YOUR OBSERVATIONS.
IF YOU CANNOT FIND THE ABOVE EQUIPMENT, PLACE THE WATCH DIAL

UNDER A MICROSCOPE, OR A MAGNIFYING GLASS, IN A COMPLETZLY DARK

ROOM. YOU SHOULD BE ABLE TO SEE THE SMALL FLASHES.

WHAT KINDS OF PARTICLES ARE BEING EMITTED?

B. SET UP A DEMONSTRATION BY PLACING SEVERAL MOUSETRAPS IN A WASTE-
BASKET AND DROPPING SOME OBJECT IN THAT WILL TRIP ONE OF THEM,

1. Do ALL THE TRAPS SPRING?

2. WHAT MIGHT THIS FACT SHOW ABOUT THE TOTAL REACTIVITY OF

OF A CHAIN REACTION?

C. Do THE FOLLOWING EXPERIMENT AS ILLUSTRATED, CUT THE HEADS OFF

WOODEN KITCHEN MATCHES AND LINE THEM UP IN A METAL PAN. INSERT

A LONG MATCH AS SHOWN IN THE DIAGRAM TO ACT AS A "CONTROL ROD."

WHICH OF THE ABOVE TWO DEMONSTRATIONS OF THE REACTION IS THE

BETTER ANALOGY OF THE ACTUAL REACTION?
EXPLAIN YOUR ANSWER.

D. DESCRIBE ANOTHER SETUP TO DEMONSTRATE THE PRINCIPLE OF A CHAIN

REACTION.
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Name of
family

Nature of
Pro Patio

Direction
of increas-
ing activity

Group I Group II Group V

sodium
Na
11

8

calcium
Ca 8
20 8

2

Sodium
-

Family

From top
to bottom
of table

nitrogen 2
h 5
7

Group VIII

Group VII

chlorine
Cl
17

2
8
7

I. I1

krypton 2
Kr 8
36 18

8
o.

I
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CHAIN REACTION
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CHEMISTRY - ORGANIC CHEMISTRY

BIOCHEMIST
CHEMIST

DENTIST
ENGINEERING TECHNICIAN
GEOLOGIST
LIFE SCIENTIST
MEDICAL TECHNOLOGIST
PHARMACIST

PRACTICAL NURSE
TEACHER SECONDARYCOLLEGE
VETERINARIAN
AGRICULTURE EXTENSION WORKER
FARM CROP PRODUCTION TECHNICIAN
FISH & WILDLIFE TECHNICIAN
FORESTER
LIVESTOCK PRODUCTION TECHNICIAN
POWER PLANT OPERATOR (FUELS)
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BIOLOGIST
DENTAL HYGENIST
DIETITIANS
CHEMICAL ENGINEER
GEOPHYSICIST
MEDICAL LAB WORKERS
OCEANOGRAPHER
PHYSICIAN
REGISTERED NURSE
TECHNICAL WRITER
AGRIBUSINESS TECHNICIAN
DAIRY PRODUCTION TECHNICIAN
FARMER
FISH CULTURE TECHNICIAN
LAB ANIMAL CARE TECHNICIAN
PARKS LAND MANAGEMENT TECHNICIAN
TRUCK DRIVER (FUELS)
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ORGANIC CHEMISTRY
LEVEL: HIGH SCHOOL

ACTIVITY: PREPARATION OF NYLON 6-10

USING A COTTON SWAB (OR YOUR LITTLE FINGER) COAT THE INNER
SURFACE OF A 15 MM X 60 MM VIAL (A LITMUS PAPER VIAL WILL DO NICELY)

WITH A THIN LAYER OF SILICONE OIL(COATING THE INNER SURFACE OF THE
SAMPLE VIAL PREVENTS NYLON FROM STICKING TO THE GLASS WALL AND INSURES

A CONTINUOUS THREAD.) FILL THE VIAL ALMOST TO THE HALF MARK WITH A

5 % SOLUTION OF SEBACOYL CHLORIDE IN CARBON TETRACHLORIDE. HOLD THE

VIAL IN AN INCLINED POSITION AND VERY SLOWLY ADD ONTO THE CARBON
TETRACHLORIDE LAYER AN EQUIVALENT VOLUME OF A 5% AQUEOUS SOLUTION OF

HEXAMETHYLENEDIAMINE. A REACTION PRODUCT WILL FORM IMMEDIATELY AT

THE INTERFACE OF THE TWO IMMISCIBLE LAYERS. CLAMP THE VIAL TO A

RING STAND. REACH THROUGH THE UPPER LAYER WITH A HOOK MADE FROM A

6 -INCH LENGTH OF COPPER WIRE AND DRAW UP THE NYLON WHICH HAS FOAMED

(SEE DIAGRAM). THIS WILL EXPOSE FRESH REACTANTS FROM BOTH LAYERS

TO PRODUCE ADDITIONAL POLYMER. SLOWLY AND STEADILY CONTINUE TO

REMOVE A NEW MATERIAL AS ONE CONTINUOUS THREAD. THE THREAD MAY BE

WOUND ONTO A PIECE OF CARDBOARD AS IT IS FORMED OR IT MAY BE LEO
INTO A 6007ML BEAKER FILLED WITH WATER. WHEN THE REACTANTS HAVE
BEEN REDUCED TO ABOUT HALF OF THEIR INITIAL VOLUMES, STOPPER THE VIAL
AND SHAKE VIGOROUSLY TO THOROUGHLY MIX THE REMAINDER OF THE TWO

LAYERS. TRANSFER THE RESULTING WHITE OPAQUE MASS TO A BEAKER AND

WASH ONCE WITH 95% ALCOHOL AND ONCE WITH WATER. SQUEEZE THE LUMP

OF MATERIAL AS DRY AS POSSIBLE BETWEEN PAPER TOWELS AND EXAMINE IT.

DOES IT HAVE AND TENSILE STRENGTH IN THIS FORM? TRANSFER THE DRIED
NYLON MATTING TO A SMALL TEST TUBE AND TRY TO MELT IT OVER A LOW

FLAME. DOES IT MELT EASILY? IF YOU SUCCEED IN MELTING ITS TRY

DRAWING FROM THE MELT A THIN FIBER WITH THE WIRE USED IN THE FIRST

PART OF THE EXPERIMENT. IF YOU ARE SUCCESSFUL IN DRAWING A FIBER

FROM THE MOLTEN MATERIAL, COMPARE ITS STRENGTH WITH THAT OF THE

THREAD PRODUCED FROM THE TWO LAYERS. ATTACH A SHORT LENGTH OF YOUR

"ROPE" TO YOUR REPORT FORM.

REMOVING THE NYLON THREAD FROM THE INTERFACE OF TWO IMMISCIBLE LAYERS.

NYLON
6-10

AQUEOUS SOLUTION OF
HEXAMETHYLENEDIAMINE
CARBON TETRACHLORIDE SOLUTION
OF SEBACOYL CHLORIDE
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ORGANIC CHEMISTRY
LEVEL: HIGH SCHOOL

ACTIVITY: SYNTHESIZING A DYE

PROBLEM:
OF THE MANY THOUSANDS OF COMPOUNDS NOW PRODUCED THROUGH ORGANIC

CHEMISTRY, THE SYNTHETIC DYES ARE PERHAPS THE MOST WIDELY USED.
PERKIN BEGAN THE SCIENCE OF DYE PRODUCTION WHEN HE ACCIDENTALLY
PRODUCED MAUVE (LILAC COLORED) FROM ANILINE IN 1856. FROM THIS
TIME ON INTENSIVE EFFORTS HAVE BEEN MADE TO PRODUCE NEWER AND
BETTER DYES, WITH OBVIOUS AND ASTONISHING SUCCESS.

CRUDE MATERIALS FROM COAL TAR ARE THE USUAL STARTING POINTS IN
DYE SYNTHESIS. BENZENE (C6H6), NAPHTHALENE (CHAS), AND PHENOL
(C6H5OH) ARE TYPICAL OF SUCH SUBSTANCES. IT IS FROM THESE SUB-

STANCES THAT THE ALL - IMPORTANT INTERMEDIATES, LIKE ANILINE, ARE

PRODUCED. THE INTERMEDIATES ARE THEN TREATED CHEMICALLY IN A '

VARIETY OF WAYS TO PRODUCE THE DYES.
THIS EXPERIMENT IS THE SYNTHESIS OF ANILINE FROM BENZENE, AND THE

PREPARATION OF THREE IMPORTANT ANILINE DYES, MAUVE, ROSANILINE, AND

ANILINE YELLOW.

MATERIALS:
ERLENMEYER FLASKS, TWO, 250 ML

TEST TUBES,
FUNNEL
THERMOMETER, 0°110°C
BALANCE
RING
BURNER
CONC. SULFURIC ACID
CONC. HYDROCHLORIC ACID
MERCURY (II) CHLORIDE
SODIUM ACETATE
TIN FOIL
ETHYL ALCOHOL

BEAKERS)400 ML, 25 MI., 150 ML

WATCH GLASS
FILTER PAPER
MEDICINE DROPPER
RING STAND
WIRE GAUZE, ASBESTOS CENTER
GRADUATED CYLINDER, 25 ML
CONC. NITRIC ACID
BLEACMING rOWDER, CACL(CLO)
SODIUM NITRITE
SODIUM BISULFITE
BENZENE
ANILINE

PROCEDURE:
ANILINE. THIS INTERMEDIATE IS PREPARED BY CONVERTING BENZENE

TO NITROBENZENE, AND THEN BY REDUCING NITROBENZENE WITH NASCENT

HYDROGEN. MIX 6 ML OF CONC. H2SO4 WITH 6 ML.OF CONC. HNO3 (CAUTION).
AFTER THIS SOLUTION IS COOL, ADD IT IN SMALL PORTIONS TO 4 ML OF
BENZENE IN A FLASK. SHAKE AFTER EACH ADDITION. NOW, WARM THE MIX

TURE GENTLY FOR A FEW MINUTES. THE ALMOND -LIKE ODOR IS NITROBENZENE

(CAUTION: THE VAPORS ARE TOXIC).
POUR THIS MIXTURE INTO 20 ML OF WATER IN A SMALL BEAKER, AND

NOTE THE SEPARATE YELLOW, OILY LAYER OF NITROBENZENE. TRANSFER

THIS LIQUID TO A TEST TUBE WITH A MEDICINE DROPPER. ADD A SMALL

PIECE OF TIN AND 10 ML OF CONC. HCL. HYDROGEN IS LIBERATED WHICH

REDUCES THE NITROBENZENE TO ANILINE, A DARK BROWN COMPOUND. IF THE

REACTION IS SLOW, WARM GENTLY OR ADD MORE TIN AND ACID.
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MAUVE. ANILINE MAY BE OXIDIZED READILY TO MAUVE, A BEAUTIFUL

PURPLE DYE. DISSOLVE ABOUT ONE HALF TEASPOONFUL OF BLEACHING POWDER
(THE OXIDIZING AGENT) IN 100 ML OF WATER, AND ADD A DROP OF ANILINE.
FILTER THE RESULT AND EXAMINE USING STRONG LIGHT. TRY PRODUCING

DIFFERENT DILUTIONS. RESULT? ADD SOME SODIUM BISULFITE SOLTUION
TO A SMALL AMOUNT OF THE DYE SOLUTION. RESULT? WHY DOES THIS HAPPEN?

ROSANILINE. THIS COMPOUND IS THE COLOR BASE OF THE RED DYE,
FUCHSIN, FAMILIAR TO STUDENTS OF BACTERIOLOGY. IT WILL BE PREPARED

BY OXIDIZING ANILINE WITH MERCURY (II) CHLORIDE. To A FEW DROPS OF
ANILINE IN A DRY TEST TUBE ADD A SMALL AMOUNT OF MERCURY (II) CHLORIDE,
AND WARM GENTLY FOR A FEW MINUTES. NOW, DISSOLVE THE PRODUCT IN
ALCOHOL IN A SMALL BEAKER AND ADD A FEW DROPS OF HCL. NOTE THE COLOR.

ANILINE YELLOW. To MAKE THIS DYE WE MUST SYNTHESIZE TWO COW.
POUNDS, ANILINE HYDROCHLORIDE AND DIAZOAMINOBENZENE, AND THEN COMBINE
THEM TO FORM THE DYE, AMINOAZOBENZENE HYDROCHLORIDE. FOR SUCCESS,

EACH STEP MUST BE CARRIED OUT CAREFULLY.
ANILINE HYDROCHLORIDE: MIX 10 ML OF ANILINE WITH 10 ML OF WATER

IN A BEAKER, AND ADD 20 ML OF CONC. HCL WITH STIRRING. HEAT TO

THE POINT OF BOILING, THEN ALLOW TO COOL. FILTER THE CRYSTALS FORMED

WHEN THE SOLUTION COOLS. FINALLY, DRY THE CRYSTALS ON A STEAM BATH.

WHEN DRY, COVER AND SAVE THESE CRYSTALS.
DIAZOAMINOBENZENE: DISSOVE 5 ML OF CONC. HCL IN 100 ML OF

WATER, ADD 4 ML OF ANILINE AND STIR IN A FLASK UNTIL DISSOLVED.
MAINTAIN TEMPERATURE AT 25300C WHILE ADDING 2 GM OF NAN02 IN

SMALL PORTIONS. SHAKE BETWEEN ADDITIONS. LET STAND FOR FIVE MINUTES,

THEN ADD A SOLUTION OF 5 GM PER 20 ML OF WATER OF NAC2H302 (SOD.

ACETATE). AFTER FIFTEEN MINUTES FILTER THE DARK YELLOW PRECIPITATE

AND WASH WITH COLD WATER. DRY OVER A STEAM BATH UNTIL NEARLY DRY,

THEN USE A WARM PLACE TO AIR DRY THE PRODUCT. (CAUTION! THIS COM

POUND EXPLODES AT 150°C.) DO NOT STORE THIS PRODUCT.
AMINOAZOBENZENE HYDROCHLORIDE: MIX ONE GRAM OF DRY ANILINE

HYDROCHLORIDE WITH TWO GRAMS OF DRY DIAZOAMINOBENZENE AND DISSOLVE

IN ABOUT 5 ML OF ANILINE IN A TEST TUBE. HEAT FOR A HALF HOUR AT

30°C AND THEN FOR ANOTHER HALF HOUR AT 45°C. STIR FREQUENTLY DURING

HEATING, AND DO NOT OVERHEAT! NOW ADD A SOLUTION OF 6 ML OF CONC.

HCL PER 20 ML OF WATER WHILE STIRRING, AND COOL, FILTER AND WASH

THE PRECIPITATE WITH DILUTE HCL. IT IS ANILINE YELLOW. TRY DYEING

A PIECE OF WOOL BY DIPPING IN A HOT, SLIGHTLY ACID SOLUTION OF

ANILINE YELLOW.

DISCUSSION:
1. STUDY THE CHEMISTRY OF THE ABOVE REACTIONS, AND WRITE OUT

EQUATIONS FOR THE CHANGES OBSERVED.

2. OTHER DYES EASILY PREPARED ARE METHYL VIOLET, PHENOLPHTHALEIN,
MALACHITE GREEN, AND FLUORESCEIN. TRY THESE TO EXTEND YOUR

KNOWLEDGE.

37--STUDY MORDANT DYEING AND TRY SOME EXPERIMENTS TO SHOW THE

PROCESS.
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ORGANIC CHEMISTRY
LEVEL: HIGH SCHOOL

ACTIVITY: FATS AND OILS; SOAPS AND DETERGENTS

THE FATS AND OILS OF ANIMAL AND VEGETABLE ORIGIN ARE GLYCERIDES OR
LONGCHAIN FATTY ACID ESTERS OF THE TRIHYDRIC ALCOHOL GLYCEROL,
HOCH2CH(OH)CH2OH.

CH2O-COR

CH- O -COR'

CH2O-COR"

A GENERAL FORMULA FOR A FAT OR OIL

THE HYDROCARBON SEGMENTS INDICATED BY Rp R', AND R" IN THE

FORMULA ABOVE GENERALLY ARE DIFFERENT. THEY MAY VARY NOT ONLY IN

LENGTH BUT ALSO IN DEGREE OF UNSATURATION. IF THE FATTY-ACID COM-

PONENTS OF A GLYCERIDE ARE LONG -CHAIN (C12 -C18) AND SATURATED, THE

ESTER IS A SOLID OR A SEMISOLID AT ROOM TEMPERATURE AND IS CLASSI-
FIED AS A FAT. IF THE LONGCHAIN ACID RESIDUES ARE UNSATURATED
(I.E., CONTAIN ONE OR MORE DOUBLE BONDS), THE GLYCERIDE IS A LIQUID
AT ROOM TEMPERATURE AND IS CLASSIFIED AS AN OIL. UNSATURATION IN

THE ACID COMPONENTS OF A FAT LOWERS ITS MELTING POINT. CONVERGELY,

SATURATING THE DOUBLE BONDS WITH HYDROGEN RAISES ITS MELTING POINT.
THE LATTER PROCESS, WHEN APPLIED TO OILS, IS KNOWN AS HARDENING OR
HYDROGENATION AND IS CARRIED OUT AS AN INDUSTRIAL PROCESS FOR THE
MANUFACTURE OF MARGARINES AND COOKING FATS FROM VEGETABLE OILS.

A FAT OR AN OIL, WHEN SAPONIFIED (I.E., HYDROLYZED WITH ALKALI),
PRODUCES GLYCEROL AND THE SODIUM OR POTASSIUM SALTS OF A MIXTURE

OF FATTY ACIDS. THE LATTER ARE CALLED SOAPS.

CH2O -COR CH2OH RCOO-NA+

CH- O -COR' + 3 NA0H--------- ---------- cHOH + RtC00 Ne(soAps)

CH2O-COR" CH2OH R"COO NA+

A FAT OR OIL GLYCEROL

THE SODIUM AND POTASSIUM SOAPS ARE SOLUBLE IN WATER AND ARE USED

AS CLEANSING AGENTS. THE CALCIUM, MAGNESIUM AND FERRIC SALTS OF
THE SAME FATTY ACIDS ARE INSOLUBLE IN WATER AND ARE NOT USEFUL AS

SOAPS. ThESE INSOLUBLE METAL SALTS PRECIPITATE AS A SCUM WHEN ORDI-

NARY SOAP IS USED IN HARD WATER. SYNDETS (SYNTHETIC DETERGENTS) DO

NOT FORM INSOLUBLE SALTS WITH THE METALLIC IONS NORMALLY PRESENT IN

WATER.
ACIDIFICATION OF A SOLUTION OF SOAP WILL CAUSE THE FATTY ACID

TO PRECIPITATE.
RCOO-NA+ + HCL--RCOOH + NA+CL-

PROCEDURE:
A. SOLUBILITY

NOTE THE ODOR AND APPEARANCE OF COTTONSEED OIL. TRY DISSOLVING

A LITTLE IN WATER; IN ALCOHOL; IN CARBON TETRACHLORTDE. REPEAT

THE TEST USING SAMPLES OF MARGARINE.
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B. UNSATURATION TESTS
DISSOLVE 0.5 ML OF COTTONSEED OIL IN 5 ML OF CARBON TETRACHLORIDE

IN A TEST TUBE. ADD A SOLUTION OF 5% BROMINE IN CARBON TETRACHLORIDE
DROPWISE, COUNTING-THE NUMBER OF DROPS REQUIRED UNTIL THE BROMINE

COLOR NO LONGER IS DISCHARGED INSTANTLY. REPEAT THE TEST USING 0.5

G OF CRISCO OR SOME OTHER HYDROGENATED SHORTENING.

C. DRYING OILS
ON DIFFERENT PARTS OF A GLASS COVER PLATE PLACE ONE DROP OF

EACH Ot THE FOLLOWING OILS: (A) BOILED LINSEED OIL, (B) COTTONSEED

OIL, (C) MAZOLA OR SOME OTHER CORN OIL. PUT AN IDENTIFYING MARK BY

EACH AND LET THEM STAND IN YOUR LOCKER UNTIL THE NEXT LABDRATORY
PERIOD. OBSERVE AND REPORT THE CONDITION OF EACH OIL AT THAT TIME.

D. THE PREPARATION OF SOAP
SUPPORT ON AN IRON RING OR ON A TRIPOD A WATER BATH FILLED ABOUT

TWOTHIRDS WITH WATER, AND MIT THE WATER TO BDILING. DISSOLVE 2.5

G OF SODIUM HYDROXIDE IN 5 ML OF DISTILLED WATER AND 10 ML OF ORDINARY

ALCOHOL (95%). ADD THE ALKALINE SOLUTION TO 5 G OF CRISCO IN A 150..

ML BEAKER. COVER THE BEAKER WITH A WATCH GLASS AND HEAT THE MIX-

TURE ON THE WATER BATH. STIR FREQUENTLY TO PREVENT SPATTERING AND

KEEP THE VOLUME OF THE SOLUTION FAIRLY CONSTANT BY ADDING SMALL AMOUNTS

OF 50% ALCOHOL. IF THE MIXTURE FOAMS TOO MUCH ADD A SMALL AMOUNT

OF UNDILUTED ALCOHOL. CAUTION! KEEP THE ALCOHOL AWAY FROM YOUR

BURNER. THE REACTION IS COMPLETE WHEN THE OIL OR MELTED FAT HAS

DISSOLVED AND GIVES A CLEAR HOMOGENEOUS SOLUTION (ABOUT ONE -HALF

HOUR). DILUTE YOUR SOAP SOLUTION BY ADDING 15 ML OF WATER THEN
POUR IT INTO A BRINE MADE BY DISSOLVING. 30 G OF SODIUM CHLORIDE

IN 100 ML OF DISTILLED WATER. STIR THE MIXTURE THOROUGHLY AND
COLLECT THE PRECIPITATED SOAP ON THE BUCHNER FUNNEL. WASH THE SOAP

TWICE WITH 10 -ML PORTIONS OF COLD DISTILLED WATER.

DISSOLVE 2 G OF THE CRUDE SOAP IN 100 ML OF DISTLLLED WATER AND
SET THE MIXTURE ASIDE AS YOUR TEST SOLUTION. PLACE THE REMAINDER

OF THE SOAP IN AN EVAPORATING DISH, HEAT IT ON THE WATER BATH, AND

STIR INTO THE SOAP JUST ENOUGH WATER TO FORM A THICK SOLUTION.

ALLOW THE SOAP SOLUTION TO COOL. UNLESS THE AMOUNT OF WATER ADDED

WAS EXCESSIVE, THE SOAP WILL SOLIDIFY INTO A CAKE SOMEWHAT RESEMBLING

COMMERCIAL SOAP.
PERFORM THE FOLLOWING EXPERIMENTS ON SAMPLES OF YOUR TEST SOLU-

TION AND RECOHO YOUR RESULTS ON THE REPORT FORM.

(A) ALKALINITY
TEST THE ALKALINITY OF YOUR DILUTE SOAP SOLUTION WITH PINK LITMUS

PAPER AND COMPARE THE RESULT WITH THOSE OF SIMILAR TESTS MADE ON

SOLUTIONS PREPARED FROM 0.5 G.SAMPLES OF IVORY FLAKES AND DREFT,

EACH DISSOLVED IN 50 ML OF DISTILLED WATER. RECORD YOUR RESULTS.

(B) METALLIC SALTS OF FATTY ACIDS
TO A 10ML PORTION OF YOUR SDAP SOLUTION ADD 1 ML OF A DILUTE

(0.1%) CALCIUM CHLORIDE SOLUTION. SHAKE VIGOROUSLY AND OBSERVE.

REPEAT THE TEST WITH DILUTE MAGNESIUM CHLORIDE AND FERRIC CHLORIDE

SOLUTIONS. PERFORM THE SAME TESTS ON THE SAMPLES OF IVORY AND

DREFT SOLUTIONS PREPARED IN (A). RECORD YOUR RESULTS.
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(C) PRECIPITATION OF SOAP
TO 50 ML OF YOUR SOAP SOLUTION ADD DILUTE HYDROCHLORIC ACID

DROPWISE UNTIL THE SOLUTION IS ACID TO CONGO RED PAPER. COOL THE
MIXTURE IN ICE, COLLECT THE PRECIPITATED ACID ON YOUR SUCTION FUNNELS
AND WASH IT WITH 20 ML OF COLD WATER. ON YOUR REPORT FORM WRITE AN
EQUATION TO SHOW THE REACTION WHICH TOOK PLACE. ASSIGN A NAME TO
YOUR PRODUCT AND SHOW IT TO YOUR LABORATORY INSTRUCTOR WHEN HANDING
IN YOUR WRITTEN REPORT.

TEST THE SOLUBILITY OF A SMALL SAMPLE (0.25G) OF YOUR PRODUCT
IN 2 ML OF CARBON TETRACHLORIDE. ALSO TEST THE SOLUBILITY OF A '

SMALL SAMPLE OF STEARIC ACID IN THE SAME SOLVENT.

(D) EMULSIFYING ACTION OF SOAP
SHAKE 4 DROPS OF MINERAL OIL WITH 10 ML.OF SOAP SOLUTION.

REPEAT THE EXPERIMENT USING 10 ML OF WATER. REEXAMINE BOTH MIXTURES
AFTER STANDING FOR 5 MINUTES. RECORD YOUR RESULTS.

DRYING OILS
DESCRIBE THE APPEARANCE OF YOUR OIL SAMPLES AFTER STANDING ONE WEEK.
BOILED LINSEED OIL.

COTTONSEED OIL.

MAZOLA OR OTHER CORN OIL.

SOAPS AND DETERGENTS

TESTS PERFORMED
YOURYOUR SOAP

X)

DETERGENTS
IVORY DREFT

(Al ALKALINITY (LITMUS)
..-

If

(B) CACL2 SOLUTION

MGCL2 SOLUTION

FECL3 SOLUTION I

(C) EQUATION FOR REACTION WITH HCL

SOLUBILITY OF PRODUCT CCU}.

SOLUBILITY OF STEARIC ACID IN CCLII.

(D) EMULSIFYING ACTION OF SOAP ON OIL.
OIL AND SOAP MIXTURE. (RESULT)

OIL AND WATER. (RESULT)
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QUESTIONS AND EXERCISES

1. DRAW FORMULAS AND GIVE NAMES FOR GLYCERIDES WHICH PROBABLY ARE
PRESENT IN LARD; IN MAZOLA OIL.

2. COULD COTTONSEED OIL BE USED IN PAINTS AS A DRYING OIL? EXPLAIN

3. ASSUME THE AVERAGE MOLECULAR WEIGHT OF A FAT IS 890. WHAT FATTY

ACID COMPONENTS PROBABLY PREDOMINATE?

4. WHY WAS THE DILUTE SOAP SOLUTION POURED IN A SOLUTION OF SODIUM

CHLORIDE IN WATER.

5. HOW DOES SOAP FUNCTION AS AN EMULSIFYING AGENT FOR OIL IN WATER?
DRAW A PICTURE OF AN OIL DROPLET AND SEVERAL SOAP MOLECULES TO

ILLUSTRATE YOUR ANSWER.

6. SUPPOSE THAT YOU WANTED TO EMULSIFY A WATER - INSOLUBLE COMPOUND

IN WATER. WOULD SOAP BE A REASONABLE CHOICE FOR THE EMULSIFY-
ING AGENT IF THE WATER WERE SLIGHTLY ACIDIC? WHY? IF IT

WOULD NOT BE A GOOD CHOICE, CAN YOU DRAW THE STRUCTURE OF AN
ORGANIC MOLECULE THAT MIGHT BE MORE SUITABLE?
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MEASUREMENT

AIR TRAFFIC CONTROLLER
ARCHITECTS
ASTRONAUTS
ASTRONOMER
BIOLOGIST
BUYERS (MERCHANDISE)
CHEMISTS
RAILROAD CONDUCTOR
DENTIST
DIETITIAN
DRAFTSMAN
ECONOMIST
EDITORS
ENGINEERING TECHNICIANS

ENGINEER
FASHION DESIGNER
GEOGRAPHER
MAP MAKER (CARTOGRAPHER)
GEOPHYSICS
GROUND RADIO OPERATOR
GUIDANCE COUNSELOR

HISTORIAN
HOSPITAL ADMISTRATION
HOTEL & MOTEL MANAGERS
INDUSTRIAL DESIGNER
INDUSTRIAL TRAFFIC MANAGER
INTERIOR DESIGN & DECORATOR

LANDSCAPE ARCHITECT
MARKETING & RESEARCH PERSONNEL

MATHEMATICIANS
SIGNAL MAINTAINER
STRUCTURAL STEEL WORKER
LITHOGRAPHIC OCCUPATION
METER MAN -WOMAN
POWER PLANT OPERATOR
BOILER FIREMAN
LONG SHOREMAN
POWER DISPATCHER
COMPUTER OPERATORS
LIFE INSURANCE SALESMEN
REAL ESTATE AGENT
SALES CLERKS
FIREMAN
PRACTICAL NURSE
AGRIBUSINESS TECHNICIAN
DAIRY PRODUCTION TECHNICIAN
FARMING
FISH CULTURE TECHNICIAN
FORESTERY PRODUCT TECHNICIAN
LIVESTOCK PRODUCTION TECHNICIAN

AIRCRAFT MECHANICS

159

Rio

MEDICAL LAB ASSISTANT
MEDICAL RECORD LIBRARIAN

MEDICAL TECHNOLOGY
MERCHANT MARINE OCCUPATIONS
MUSICIAN
OCCUPATIONAL THERAPIST

OCEANOGRAPHER
OPTOMETRIST
OCCUPATION COUNSELOR
PHOTOGRAPHER
PHYSICAL THERAPIST
PHYSICIAN
PHYSICIST
PILOTS
PSYCHOLOGIST
PUBLIC RELATIONS
RESTAURANT MANAGER
SOCIAL WORKER
SPEECH PATHOLOGIST
AUDIOLOGIST
SUPER MARKET MANAGER
SURVEYOR
SYSTEMS ANALYST
ELEMENTARY TEACHER
SECONDARY TEACHER
URBAN PLANNER
VETERINARIAN
VOCATIONAL COUNSELOR
X -RAY TECHNICIAN

RADIOLOGIST
STONE MASON
BUS DRIVER
LOCOMOTIVE ENGINEER
PHOTO ENGRAVER
STATIONARY ENGINEER
STEVEDORE
TAXI DRIVER
TRUCK DRIVER
AUTO PARTS MAN
MANUFACTURING REPRESENTATIVE
DELIVERY MAN

FBI AGENT
POLICEMEN & WOMEN
SHOE REPAIR
AGRICULTURE EXTENSION WORKER
FARM CROP PRODUCTION TECHNICIAN
FISH & WILDLIFE TECHNICIAN
FORESTER
LAB ANIMAL CARE TECHNICIAN
AIR CONDITIONING AND REFRIGER-

ATION MECHANICS
AUTOMOBILE MECHANICS



MEASUREMENT

COMPOSING ROOM OCCUPATIONS
FARM EQUIPMENT MECHANIC
INDUSTRIAL MAINTENANCE MECHANIC
WELDER
AIRPLANE DISPATCHER
PLUMBER-PIPE FITTER
PAPER HANGER & PAINTER
LINEMAN
INSTRUMENT MAKER
MILLRIGHT
BUSINESS MACHINE REPAIRMAN
SET UP MAN
APPLIANCE SERVICEMAN
FURNITURE UPHOLSTERER
JEWELERS
OPTICIAN
TV & RADIO TECHNICIAN
BOILER MAKER
CARPENTER
TELEPHONE INSTALLER
ELECTRICAL REPAIRMAN
FLOOR COVER INSTALLER
INSULATION WORKER
STATISTICIAN

160

DIESEL MECHANIC
FLIGHT ENGINEER
ROOFER
SHEET METAL WORKER
BOOKBINDER
PLASTERER
OPERATING ENGINEER (CONSTRUCTION)
LAY OUT MAN
MACHINE TOOL OPERATORS
PATTERN MAKER
PRINTING PRESSMAN
TOOL & DYE MAKERS
DENTAL LAB TECHNICIAN
INSTRUMENT REPAIRER
JEWELER REPAIR
OPTICAL MECHANIC
WATCH REPAIRMAN
BRICK LAYER
CEMENT MASON
CONSTRUCTION LABORER
ELEVATOR REPAIRMAN

GLAZIER
LATHER
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MEASUREMENT
LEVEL: JUNIOR HIGH

ACTIVITY: WHO AM I? ACTIVITIES IN MEASURING ME.

MATERIALS: METERSTICK SCALE

.APE MEASURE CALENDAR

TIME PIECE

PROCEDURE:
THIS ACTIVITY FOR JUNIOR HIGH STUDENTS IS TO MAKE THEM AWARE

OF THEIR OWN GROWTH AND AT THE SAME TIME WORK WITH MEASUREMENT.
To DO THESE ACTIVITIES THE STUDENT WILL OBSERVE, MEASURE, AND
RECORD DATA ABOUT THEMSELVES.

A. MEASURE HOW TALL YOU ARE EACH MONTH OF THE YEAR AND RECORD

ON A GRAPH: HOW MANY CENTIMETERS TALL ARE YOU?
HOW MANY METERS WOULD THIS BE?

B. HOW WIDE ARE YOU? RECORD AT FIRST AND LAST OF YEAR:

BROW WAIST

EAR TO EAR THIGH TO THIGH

NECK KNEE TO KNEE

SHOULDER TO SHOULDER ANKLE TO ANKLE

CHEST FOOT TO FOOT

C. WHAT IS YOUR CIRCUMFERENCE?
BROW THIGH

NECK KNEE

SHOULDER CALF

CHEST ANKLE

WAIST FOOT

RECORD YOUR DATA TWICE A YEAR. (CAN BE DONE BOTH METRIC & ENGLISH)

D. WHAT IS YOUR PULSE RATE? COUNT THE PULSES OR BEATS FOR ONE

MINUTE. Do THIS SEVERAL TIMES DURING THE YEAR AND RECORD.

AFTER BREAKFAST AFTER EXERCISING

WHILE RESTING WHILE STANDING

ON AWAKENING

E. CAN YOU IDENTIFY 10 DIFFERENCES AND TEN SIMILARITIES IN THE
TWO SIDES OF YOUR BODY. RECORD:

F. USING YOUR HEIGHT, WIDTH AND CIRCUMFERENCE AND DETERMINE
AN APPROXIMATE SURFACE AREA OF YOUR BODY.

G. HOW MUCH DO YOU WEIGH? CHECK AT LEAST TEN DIFFERENT TIMES

DURING THE YEAR AND RECORD. CAN YOU THINK OF A WAY TO COMBINE

HEIGHT, WEIGHT WIDTH OR CIRCUMFERENCE?

INTERPRETATIONS:
How FAST ARE YOU GROWING? ARE YOU ALIKE ON BOTH SIDES?

WHAT PART OF ME IS GROWING MOST RAPIDLY?
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MEASUREMENT

LEVEL: JUNIOR HIGH

ACTIVITY: MEASUREMENT6OF TEMPERATURE.

MATERIALS: THERMOMETERS BEAKERS

ALCOHOL LAMPS OR HEAT SOURCE RING STANDS
SAMPLES (WATER AT DIFFERENT TEMPERATURE)

INTRODUCTION:

"THERMO" MEANS HEAT; "METER" MEANS TO MEASURE. THEREFORE, A
THERMOMETER IS AN INSTRUMENT USED TO MEASURE HEAT. THE DEGREE
OF HEAT AN OBJECT HAS AT A GIVEN TIME IS ITS TEMPERATURE.

PROCEDURE:
A. GETTING AQUAINTED

EXAMINE THE THERMOMETER AND ANSWER THESE QUESTIONS:
1. WHAT IS THE LOWEST TEMPERATURE YOU CAN READ?
2. WHAT IS THE HIGHEST TEMPERATURE YOU CAN READ?

THIS GIVES YOU THE RANGE OF YOUR THERMOMETER.
3. HOW MANY LINES ARE THERE BETWEEN 100 AND 200?

THIS MEANS THAT EACH MARK IS EQUAL TD HOW MANY DEGREES?
WHERE IS THE LEVEL OF THE MATERIAL IN THE TUBE NOW?
THIS READING GIVES YOU ROOM TEMPERATURE OR IN SCIENCE TERMS,
AMBIENT TEMPERATURE. WHAT SCALE IS YOUR THERMDMETER?

B. USING OUR INSTRUMENT
GIVEN 5 DIFFERENT SAMPLES OF LIQUIDS AT DIFFERENT TEMPERATURES,

MEASURE YOUR SAMPLES USING BOTH A CENTIGRADE THERMDMETER AND A
FAHRENHEIT TYPE.

SAMPLE 1. Oc oF 3.

2. °C °F 4.

oc OF

oc OF

5.
°C OF

C. HOW ARE CHANGES IN TEMPERATURE RECORDED
GIVEN A BEAKER WITH A CERTAIN AMOUNT OF. WATER. OBSERVE THE

WATER IN THE BEAKER AND RECORD ITS TEMPERATURE. HEAT THE
BEAKER FOR 5 MINUTES. RECORD THE TEMPERATURE AFTER HEATING.

INITIAL TEMP. CHANGE OF TEMP. IN 5 MIN.
FINAL TEMP. RATE OF INCREASE OF TEMP. "5771==t

D. CONVERT TEMPERATURES FROM ONE SCALE TO THE OTHER
ON SOME GRAPH PAPER, CONSTRUCT DIAGRAMS OF THE CELSUS

(CENTIGRADE) AND FAHRENHEIT SCALES IN SUCH A WAY THAT THE BOILING
PDINT OF WATER IS ON THE SAME HORIZONTAL LINE ON EACH SCALES.
DO THE SAME WITH THE FREEZING POINT. DIVIDE EACH SCALE INTO THE
CORRECT NUMBER OF DEGREES BETWEEN THESE POINTS. LIMIT YOUR
GRAPH TO THE TEMPERATURES BETWEEN OF AND THE BOILING POINT OF
WATER. YOU CAN NOW CONVERT A TEMPERATURE ON ONE SCALE TO THE
CORRESPONDING TEMPERATURE OF THE OTHER SCALE. TO CHECK YOUR
WORK USE THE FOLLOWING EQUATIONS:

°F =
9/5 oc 4. 32 oc

=
5/9

( °F -
32) CHANGE: 730C TO °F =

960F TO °C =
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MEASUREMENT
LEVEL: JUNIOR HIGH & ABOVE

ACTIVITY: How TO MEASURE A MOLECULE

MATERIALS:
CLEAN TRAY AT LEAST 16 INCHES WIDE
RUBBING AUCOHOL

TWO MEDICINE DROPPERS
METRIC SCALE RULER

/I/

DISTILLED WATER
USED AUTOMOBILE CRANKCASE OIL
1 OUNCE OF U.S.P. OLEIC ACID
FLAT BLACK PAINT

PROCEDURE:
FIRST CLEAN THE TRAY CAREFULLY AND PAINT IT WITH THE BLACK PAINT.

AFTER IT HAS DRIED, RINSE IT WITH ALCOHOL.
NOW MAKE A 1% SOLUTION OF OLEIC ACID IN ALCOHOL (USING 99 DROPS

OF ALCOHOL TO 1 DROP OF OLEIC ACID) AND PUT IT ASIDE. WHEN THE TRAY

IS COMPLETELY DRY, HALF FILL IT WITH DISTILLED WATER. PLACE ONE

DROP OF OIL ON THE WATER AND A THIN OIL SLICK WILL FORM. AS IT

SPREADS YOU WILL FIRST SEE COLORS, THEN THE LAYER WILL APPEAR BLACK.
NOW LAY THE METRIC RULER ACROSS THE TRAY AND PLACE ONE DROP OF THE

1% OLEIC ACID SOLUTION ON THE CENTER OF THE OIL SLICK. SOME OF THE

ALCOHOL WILL EVAPORATE AND THE REST WILL MIX INTO THE WATER LEAVING
A CIRCLE OF OLEIC ACID ABOUT 20 CM ACROSS, WHICH WILL NOT SPREAD
ANY FURTHER. MEASURE THE DIAMETER OF THE CIRCLE AND COMPUTE THE

AREA. NOW RINSE THE TRAY WITH ALCOHOL AND TRY THE EXPERIMENT AGAIN,
USING A 1/2% OLEIC ACID SOLUTION (1 DROP WITH 199 DROPS OF ALCOHOL).

MEASURE THE CIRCLE AND COMPUTE THE AREA. IT WILL BE HALF THE AREA

OF THE FIRST CIRCLE.
SINCE THE NUMBER OF MOLECULES IN THE 1/2% OLEIC ACID LAYER IS

HALF THAT IN THE 1% AND THE CIRCLE IS HALF THE AREA, YOU HAVE FOUND
A FUNDAMENTAL RELATIONSHIP. IN EACH CASE THE OLEIC ACID HAS SPREAD

TO THE LEAST POSSIBLE THICKNESS, THAT OF ONE MOLECULE. THE MOLECULES

ARE KNOWN TO BE STANDING ON END BECAUSE THEIR PARTICULAR STRUCTURE
AND COMPOSITION MAKE ONE END TURN DOWN TOWARD THE WATER.

BY SIMPLE ARITHMETIC YOU CAN MAKE A GOOD APPROXIMATION OF THE
THICKNESS OF THE LAYER, AND THEREFORE THE HEIGHT, OR GREATEST DIMENSION,
OF EACH MOLECULE.

SINCE THE CIRCULAR LAYER IS ACTUALLY A SHALLOW CYLINDER, USE THE
FORMULA FOR THE VOLUME OF A CYLINDER.

SOLVING FOR HEIGHT:

V =.:R
2
H

H =

TO GET THE VOLUME, TEST YOUR DROPPER TO SEE MOW MANY DROPS IN 1CC.
IF YOU FIND THERE ARE 50, THEN THE VOLUME OF A DROP IS 1/50 CC, OR

EXPRESSED AS A DECIMAL, .02 CC. THE VOLUME OF OLEIC ACID IN A DROP

OF 1% SOLUTION 4HEREFORE IS 1% OF .02, OR .0002 CC. THIS CAN BE

WRITTEN 2 x 10" . SUPPOSING YOUR CIRCLE HAS A DIAMETER OF 20 CM,

AND THEREFORE A RADIUS OF 10 CM, BY SUBSTITUTING IN THE FORMULA

YOU WILL GET:
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.0002

3.14 x (10)Z

SOLVE THIS AND YOU WILL FIND THE HEIGHT IN CENTIMETERS IS A NUMBER
PRECEDED BY SIX ZEROS TO THE RIGHT OF THE QECIMAL POINT. WHAT IS
(TS HEIGHT IN ANGSTROM UNITS?

OF COURSE, DROPS ARE NOT A VERY ACCURATE MEASURES BUT THIS
METHOD WILL RESULT IN A GOOD ESTIMATE.
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MEASUREMENT

LEVEL: JR. HIGH OR HIGH SCHOOL

ACTIVITY: MEASUREMENT OF LENGTH AND AREA

THIS INVESTIGATION WILL GIVE YOU AN OPPORTUNITY TO EXPERIENCE
SOME OF THE DIFFICULTIES IN MEASURING THAT MIGHT HAVE CONFRONTED A
STUDENT LIVING DURING THE EIGHTEENTH CENTURY IT WILL ALSO ALLOW
YOU TO USE SOME MODERN METHODS OF MEASUREMENT.

MATERIALS PER TEAM):
YARDSTICK
METERSTICK

PROCEDURES:
MEASURE THE DESK OR TABLE IN INCHES, FEET, AND YARDS, USING

A YARDSTICK. USING A METERSTICK, REPEAT THE MEASUREMENTS IN
MILLIMETERS, CENTIMETERS, AND METERS.

INTERPRETATIONS:

1. WHICH SYSTEM OF UNITS DID YOU FIND MOST USEFUL? WHICH IS
MOST ACCURATE?

2. WHAT IS MEANT BY THE STATEMENT THAT "ALL MEASUREMENTS ARE
ESTIMATES"?
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MEASUREMENT
LEVEL: JR. HIGH OR HIGH SCHOOL

ACTIVITY: USE OF BALANCE.

MATERIALS:
ONE STICK ABOUT TWO FEET LONG

BALANCE

A STACK OF BOOKS SLIGHTLY HIGHER
THAN THE PAN OF THE SCALE

REST ONE END OF THE STICK ON THE LEFT HAND BALANCE PAN AND THE

OTHER END ON STACK OF BOOKS. BE SURE THE BOOKS ARE HIGHER THAN THE

SCALE PAN. BE SURE THAT JUST THE TIP OF THE STICK IS RESTING ON
THE BALANCE PAN AND THAT THE STICK TOUCHES THE PAN AT ONLY ONE POINT.
WEIGH THAT END OF THE STICK CAREFULLY. WRITE DOWN THE WEIGHT VALUE,

NOW REVERSE THE POSITION OF THE STICK SO THAT YOU WEIGH THE
OTHER END. WEIGH THIS END CAREFULLY AND WRITE DOWN THIS WEIGHT

VALUE.

ADD THE TWO WEIGHTS TOGETHER.

NEXT WEIGH THE WHOLE STICK. RECORD THE WEIGHT.

STATE POLICE OFFICERS SOMETIMES NEED TO WEIGH A WHOLE TRUCK

ON THE HIGHWAY. CAN THEY PUT A BALANCE UNDER ONE WHEEL AT A TIME,
ADD THESE WEIGHTS TOGETHER, AND SAY THAT IS THE WEIGHT OF THE WHOLE

TRUCK? YOUR WEIGHING OF THE STICK IN THIS EXPERIMENT SHOWED THAT
STATE POLICE OFFICERS CAN OBTAIN THE WEIGHT OF A TRUCK BY PLACING
A SCALE UNDER ONE WHEEL AT A TIME AND THEN ADDING THE WEIGHTS TOGETHER.

Q. Do THE WEIGHTS OF EACH END WHEN ADDED TOGETHER EQUAL THE WEIGHT

OF THE WHOLE STICK? WHY?

A. YES, THE SUM OF WEIGHTS OF EACH END IS THE WEIGHT OF THE WHOLE

STICK. EACH TIME, THE BOOKS SUPPORTED HALF THE STICK, AND THE

BALANCE SUPPORTED HALF THE STICK.
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MEASUREMENT

LEVEL: HIGH SCHOOL

ACTIVITY: DETERMINING THE VOLUME OF SOLIDS

THE SPACE THAN AN OBJECT OR A SUBSTANCE OCCUPIES IS CALLED ITS

VOLUME. IT IS RELATIVELY EASY TO DETERMINE THE VOLUME OF LIQUIDS

BY USING A GRADUATED CYLINDER. DETERMINING THE VOLUME OF A SOLID

REQUIRES DIFFERENT TECHNIQUES. TO DETERMINE THE VOLUME OF A REC
TANGULAR OBJECT, YOU MUST MULTIPLY THE AREA OF THE OBJECT BY ITS

DEPTH. FOR PRACTICE, SUPPOSE YOU WISH TO FIND THE VOLUME OF A REC-

TANGULAR OBJECT. THE AREA OF ONE OF THE RECTANGULAR SIDES IN 4 INCHES

x 2 INCHES, OR 8 SQUARE INCHES. THE DEPTH IS 2 INCHES. THE VOLUME

IS 8 SQUARE INCHES X 2 INCHES, OR 16 CUBIC INCHES. THUS THE DIMEN-

SIONS INVOLVED ARE LENGTH, WIDTH, AREA, AND VOLUME. "CUBIC II SHOULD

NOT BE A NEW TERM FOR YOU (SUGAR CUBES, ICE CUBES). CUBIC MEASURE+

MENT IS NECESSARY IN DETERMINING THE VOLUME OF SOLIDS.

MATERIALS PER TEAM):
3 RECTANGULAR SOLIDS OF DIFFERENT SIZES
50+ OR 100 ML GRADUATED CYLINDER
OVERFLOW CAN OR OLD TEA POT
GRAPH PAPER
STRAIGHT PIN OR FINE WIRE
SMALL PIECES OF WOOD (IRREGULAR SHAPES)

SUGAR CUBES

RULER CALIBRATED IN INCHES AND

CENTIMETERS
YARD OF THREAD
NAILS, MARBLE, AND OTHER 0B+

JECTS SMALL ENOUGH TO FIT

IN GRADUATED CYLINDER

PROCEDURES:
A. IN YOUR NOTEBOOK, COPY THE CHART.

B. NUMBER THE SOLIDS. USE YOUR RULER TO DETERMINE THE VOLUME

OF EACH SOLID IN CUBIC INCHES AND IN CUBIC CENTIMETERS.

RECORD THIS DATA ON YOUR CHART.

C. PLACE THE GRADUATED CYLINDER UNDER THE SPOUT OF THE OVERFLOW

CAN. FILL THE CAN WITH TAP WATER UNTIL WATER BEGINS TO FLOW

FRCM THE SPOUT. WHEN THE FLOW HAS STOPPED, EMPTY THE GRAD+

DATED CYLINDER AND PLACE IT UNDER THE SPOUT AGAIN.

0, TIE A THREAD AROUND SOLID 12 AND LOWER IT CAREFULLY INTO

THE WATER. IF THE SOLID DOES NOT SINK, HOLD IT UNDER WATER

WITH A PIN OR OTHER SMALL PROBE.

E. KEEP THE SOLID COMPLETELY SUBMERGED UNTIL THE WATER HAS
STOPPED FLOWING INTO THE CYLINDER. THEN CAREFULLY MEASURE

THE AMOUNT OF WATER IN THE CYLINDER.
WATER HAS A SLIGHTLY CONCAVE SURFACE WHEN CONFINED IN A.NARROW

CYLINDER. THIS COULD CAUSE SOME ERROR IN DETERMINING VOLUME. THE

ACCEPTED SCIENTIFIC PRACTICE IS TO TAKE THE READING AT THE LOWEST

POINT OF THE CURVee IT IS ALSO IMPORTANT THAT THE CYLINDER BE ON

A LEVEL SURFACE. THE READING SHOULD BE TAKEN AT EYE LEVEL.

REPEAT PROCEDURES D THROUGH E TWO MORE TIMES. RECORD ON YOUR

CHART THE VOLUMES FOR EACH OF THE THREE TRIALS WITH SOLID 1. CAL+

CULATE ThE AVERAGE VOLUME OBTAINED WITH EACH METHOD.
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TRIAL SOLIDS

NUMBER
. 1 2 ; 3

VOLUME IN CUBIC 1

INCHES t

2

AVERAGE ! _

1 (
i

VOLUME IN CUBIC ....-1"

CENTIMETERS 2 i
. .

VOLUME OF
DISPLACED WATER
IN MILLILITERS

. I

3
-I

AVERAGE
t

1

it

1

2

3 1

AVERAGE

F. REPEAT PROCEDURES B THROUGH E FOR SOLID 2 AND SOLID 3.
BE SURE TO RECORD THE DATA FOR EACH OF THE THREE TRIALS
WITH EACH SOLID.

G. ON GRAPH PAPER CONSTRUCT A GRAPH. USE THE VERTICAL AXIS OF

THE GRAPH FOR VOLUMES IN CUBIC INCHES AND THE HORIZONTAL
AXIS FOR THE NUMBER OF MILLILITERS OF WATER DISPLACED
(COLLECTED IN THE GRADUATED CYLINDER). PLOT THE AVERAGE

OF THE THREE TRIALS FOR EACH SOLID. BEGINNING AT ZERO,

DRAW A LINE CONNECTING THE THREE AVERAGE POINTS.

H. USING ANOTHER PIECE OF GRAPH PAPER, REPEAT PROCEDURE G,
BUT PLOT THE VALUES FOR VOLUME IN CUBIC CENTIMETERS AGAINST

VOLUME OF DISPLACED WATER IN MILLILITERS.

INTERPRETATIONS:
1, NOTE THE RELATIONSHIP BETWEEN THE VOLUMES IN CUBIC INCHES,

CUBIC CENTIMETERS, AND MILLILITERS. WHICH SYSTEM mENGLISH
OR METRICSEEMS TO BE THE EASIEST TO USE IN FINDING THE
VOLUME OF A SOLID?

2. CAREFULLY COMPARE THE TWO GRAPHS, AND DESCRIBE ANY DIFFER.*

ENCES OR SIMILARITIES.

3. IN PROCEDURE G WERE YOU ABLE TO DRAW A STRAIGHT LINE FROM

ZERO THROUGH THE THREE AVERAGE POINTS? IF NOT, HOW CAN

YOU EXPLAIN THE RESULTS?
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PROCEDURES (CONTINUED)

YOU MAY WISH TO DETERMINE THE VOLUMES OF OTHER OBJECTS.
THE OVERFLOW CAN IS NOT NEEDED FOR OBJECTS SMALL ENOUGH

TO BE PLACED DIRECTLY IN THE GRADUATED CYLINDER. POUR

ENOUGH WATER INTO THE GRADUATED CYLINDER TO COMPLETELY

SUBMERGE THE OBJECT. (USUALLY THIS CAN BE DONE IF THE

CYLINDER IS ABOUT HALF - FULL.) READ AND RECORD THE VOLUME

OF THE WATER. SUBMERGE THE OBJECT IN THE WATER, AND AGAIN

TAKE A READING FROM THE CYLINDER. IF THE OBJECT FLOATS,

HOLD IT UNDER THE WATER WITH A PIN OR FINE WIRE. WHAT IS

THE VOLUME OF THE OBJECT?

PROBLEMS:

I. USE A RULER (ENGLISH AND METRIC) AND THE WATERDISPLACE
MENT METHOD TO MEASURE THE VOLUME OF EACH OF THE FOLLOWING:

A. AN IRREGULAR SHAPED PIECE OF WOOD

B. A CUBE OF SUGAR

2. WHICH METHOD OF MEASURING VOLUME DID YOU FIND MOST USEFUL

IN PROBLEM 1? WHICH SYSTEM ...ENGLISH OR METRICDID YOU

FIND MOST CONVENIENT?
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MEASUREMENT
LEVEL: HIGH SCHOOL

ACTIVITY: MASS AND VOLUME OF WATER

MATTER IS DESCRIBED AS ANY SUBSTANCE THAT HAS MASS (WEIGHT)
AND OCCUPIES SPAtE (VOLUME). FOR NOW WE WILL USE THE WORDS MASS

AND WE_ IGHT AS IF THEY HAD THE SAME MEANING. LATER IN THE COURSE,
UNDERSTANDING THE DIFFERENCE BETWEEN MASS AND WEIGHT WILL BECOME

IMPORTANT.
THE RELATIONSHIP BETWEEN MASS AND VOLUME WILL BE EXAMINED IN

THIS INVESTIGATION,

MATERIALS PER TEAM):
BALANCE SENSITIVE TO 0.1 GRAM
SHEET OF ORDINARY GRAPH PAPER

PROCEDURE:
A. COPY THE CHART SHOWN.

50... OR 100ML GRADUATED CYLINDER
RED PENCIL

MASS OF
. GRADUATED
CYLINDER

TRIAL ' IN GRAMS

MASS OF
GRADUATED

CYLINDER
AND WATER
IN GRAMS

MASS

OF WATER
IN

GRAMS

VOLUME
OF WATER

IN

MILLILITERS

2

AVERAGE

B. WEIGH THE GRADUATED CYLINDER, AND RECORD ITS MASS ON THE

CHART.

C. POUR SOME WATER INTO THE CYLINDER, WEIGH THE CYLINDER WITH

THE WATER IN IT. RECORD THE COMBINED MASS ON THE CHART.

D. DETERMINE THE MASS OF THE WATER BY SUBSTRACTING THE MASS OF
THE CYLINDER FROM THE MASS OF THE WATER AND THE CYLINDER.

E. DETERMINE THE VOLUME OF WATER IN THE CYLINDER. REMEMBER

TO KEEP THE CYLINDER LEVEL AND TO TAKE READINGS AT THE LOW

POINT OF THE MENISCUS THE CURVE OF THE WATER'S SURFACE).

RECORD ON THE CHART.

F. REPEAT PROCEDURES C, DI AND E FOUR MORE TIMES, USING A

DIFFERENT VOLUME OF WATER IN EACH TRIAL. RECORD THC DATA

ON THE CHART.
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Go PLOT VALUES FOR THE MASS AND VOLUME OF WATER IN EACH TRIAL
ON ORDINARY GRAPH PAPER. USE THE VERTICAL AXIS FOR MASS AND

THE HORIZONTAL AXIS FOR VOLUME. THIS WILL GIVE YOU FIVE

POINTS ON THE GRAPH. BEGINNING AT ZERO, DRAW A LINE CONft

NECTING THESE POINTS. CALCULATE THE AVERAGE MASS AND THE

AVERAGE VOLUME OF WATER. USING A RED PENCIL, PLOT THIS

POINT ON THE GRAPH. BEGINNING AT ZERO, DRAW A STRAIGHT RED
LINE THROUGH THE AVERAGE POINT; EXTEND THIS LINE AS FAR AS
,'OSSIBLE BEYOND THE AVERAGE POINT, KEEP THE GRAPH IN YOUR

NOTEBOOK.

INTERPRETATIONS:

1. DIVIDE THE AVERAGE MASS OF WATER OBTAINED IN ALL TRIALS BY
M

THE AVERAGE VOLUME FOR ALL TRIALS: V = ? COMPARE THE

M
AVERAGE VALUE FOR V OBTAINED BY YOUR TEAM WITH THE AVERAGE

VALUES OBTAINED BY OTHER TEAMS.

2. WHAT RELATIONSHIP APPEARS TO EXIST BETWEEN THE MASS OF
WATER IN GRAMS AND ITS VOLUME IN MILLILITERS?

171



MOT ION



ARCHITECTS
ASTRONOMER.

DENTIST

ENGINEER
MERCHANT MARINE
PILOT
TECHNICAL WRITER
X -RAY TECHNICIAN

POLICEMENWOMEN
FARMING
AIR CRAFT MECHANIC
INSTRUMENT MAKER
JEWELER REPAIR
LAY OUT MAN
LOCOMOTIVE ENGINEER
TRUCK DRIVER
TAXI' DRIVER
STATIONARY ENGINEER

PHYSICS - MOTION
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ASTRONAUTS
PHYSICAL CHEMIST
ENGINEERING TECHNICIAN
GEOPHYSICS
PHYSICIST
TEACHER SECONDARY - COLLEGE
VETERINARIAN
RADIOLOGIST
FBI AGENT
FISH CULTURE TECHNICIANS
FLIGHT ENGINEER
JEWELER
WATCH REPAIRMAN
OPERATING ENGINEER (CONSTRUCTION)
APPRENTICE ENGINEER
POWER DISPATCHER
BOILER FIREMAN



MOTION
LEVEL: JUNIOR HIGH

ACTIVITY: TO OBSERVE WHAT HAPPENS WHEN A MOVING BODY HITS A

STATIONARY OBJECT.

MATERIALS: A RULER WITH GROOVE
A MARBLE

BACKGROUND:

GRAPH PAPER

BLOCKS

IF YOU OBSERVE THE MOTION OF A BODY, YOU CAN DISCOVER SEVERAL
PROPERTIES OF THAT MOTION. AS YOU DO THIS EXPERIMENT, SEEK TO
DISCOVER SEVERAL PROPERTIES OF MOT'oN. YOU ARE TO OBSERVE THE
INTERACTIONS OF TWO BODIES - ONE MOVING AND ONE AT REST (STATION -

ARY). HOW IS A BODY AT REST DEFiNED1 THE MOVING BODY WHICH YOU

ARE TO USE IS A MARBLE ROLLING DOWN AN INCLINED PLANE. GALILEO
WAS PROBABLY THE FIRST TO USE THE INCLINED PLANE TO INVESTIGATE
MOVING BODIES. AN INCLINED PLANE IS A SURFACE WHICH IS ON A

SLANT (AT AN ANGLE TO THE HORIZONTAL). SINCE THE STATIONARY
BODY IN THIS EXPERIMENT IS RESTING ON THE TABLE, ASSUME THAT IF

IT DOES CHANGE POSITION, THE CHANGE IS ALONG THE SURFACE OF THE
TABLE. (NO CHANGE IN ALTITUDE.) THE POSITION (5) OF THE BODY
CAN BE REPRESENTED ON A GRAPHS SINCE THE CHANGE TAKES PLACE IN
REFERENCE TO ONLY TWO REFERENCE POINTS. THE POSITION OF THE

BODY REMAINS CONSTANT IN REFERENCE TO THE THIRD REFERENCE POWIT

(ALTITUDE).

PROCEDURE:
PART 1- TAPE A PIECE OF GRAPH PAPER ONTO THE LAB BENCH OR

TABLE TOP. PLACE ONE END OF RULER SO THAT IT JUST TOUCHES THE
MIDPOINT OF ONE EDGE OF THE PAPER AND PROP THE OTHER END UP SO

THAT IT IS APPROXIMATELY AT A 45() ANGLE. KEEP THIS SET -UP CONSTANT

THROUGHOUT THE EXPERIMENT. PLACE THE BLOCK AT THE BASE OF THE

RULER. MARK ITS POSITION BY DRAWING A LINE AROUND IT. LABEL

THIS POSITION A. HOLD THE MARBLE AT THE TOP OF THE RULER. RELEASE

THE MARBLE. OBSERVE. MARK THE NEW POSITION OF THE BLOCK BY

DRAWING AROUND IT. LABEL IT B. PLACE THE BLOCK AT THE INITIAL

posirloN A AND AGAIN RELEASE THE MARBLE. DRAW AROUND THE BLOCK.

LABEL THE POSITION OF THE BLOCK C. REPEAT THE STEPS. LABEL

THIS POSITION OF THE BLOCK D.
FIND THE CENTER OF POSITION A. DO THIS BY DRAWINGDIAGONAL

LINES, LABEL THIS POINT 0,0. NOW DRAW A LINE PARALLEL TO THE

EDGE OF THE PAPER FROM 0,00 LABEL THE LEFT SIDE OF THE LINE L

AND THE RIGHT ONE R. AT 0,0 DRAW A LINE AT RIGHT ANGLES TO LR.

LABEL THIS LiNE F. FIND THE POSITION (PHIAL) OF THE CENTER OF

THE BLOCK IN EACH TRIAL. DO THIS BY COUNTING THE SQUARES OF THE
PAPER THAT THE CENTER OF THE BLOCK IS FROM THE LINE LR AND ALSO

FROM LINE F. REPEAT THESE STEPS TO DETERMINE POSITIONS C AND D.

MAKE A DATA TABLE:

174



NO. OF SQUARES NO. OF CM.
FRCM LR FROM F FROM LR FROM F

POSITION L1R L R L1R L R

B

C

MEASURE WITH A RULER THE NUMBER OF CENTIMETERS (CM) BETWEEN
POSITIONS A AND POSITION B; A AND C; A AND D. RECORD THESE DATA.

PART 2 - THIS TIME WORK WITH A LARGE BLOCK AND A MARBLE. PRO
CEED EXACTLY AS DIRECTED IN PART 1.

PART 3 - AGAIN USE THE LARGE BLOCKS BUT THIS TIME USE A LARGE
MASS ON THE INCLINED PLANE.

DISCUSSION OF RESULTS: PART 1

1. HOW CAN YOU PROVE THAT A CHANGE IN POSITION OF THE BLOCK
OCCURRED?

2. DID THE BLOCK MOVE WHEN THE MARBLE HIT IT? ON WHAT BASIS
DID YOU DECIDE UPON YOUR ANSWER?

3. WHAT DIFFICULTIES DID YOU HAVE IN DETERMINING THE DISTANCE
BETWEEN POSITION 1, 2, OR 3 AND 0?

4. WERE YOUR RESULTS CONSISTENT? IF NOT, WHAT WERE YOUR
SOURCES OF ERROR?

5. WHAT WERE THE CONSTANTS IN THIS STATION OF THE EXPERIMENT?
LIST. WHAT WERE THE VARIABLES? LIST.

PART 2
1. WHAT WAS THE DIFFERENCE BETWEEN THE EXPERIMENT WHICH

YOU DID IN PART 1 AND IN THIS PART 2?
2. WHAT WAS THE EFFECT OF INCREASING THE MASS OF THE BLOCK?

PART 3
10 WHAT WAS THE DIFFERENCE BETWEEN THE EXPERIMENT IN PART 2

AND 3?

2. WHAT WAS THE EFFECT OF INCREASING THE MASS OF THE MOVING
BODY?

GENES 'ZATIONS:

WHAT ARE THE INTERACTIONS BETWEEN A MOVING BODY AND A BODY AT

REST? WHAT FACTORS AFFECT THE DISTANCE WHICH THE BODY AT REST
MOVES WHEN IT IS HIT BY A MOVING BODY?
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MOTION
LEVEL: JUNIOR HIGH & ABOVE

ACTIVITY: PENDULUM ACTIVITIES

MATERIALS: PART 1 CONE- SHAPED CUPS

SALT
SCISSORS

STRING OR LIGHT WIRE
PENDULUM STAND

PART 2 - STRING
TOY CAR
PENDULUM STAND

PROCEDURES: (PART 1)

CUT A SMALL HOLE IN THE BOTTOM OF A CONE- SHAPED CUP. THEN
CUT THREE EVENLY - SPACED HOLES AT THE TOP RIM, PASS STRING THROUGH
THEM, AND HANG THE CUP. WHEN THE CUP IS FILLED WITH SALT, IT
WILL DROP THE SALT LIKE AN HOURGLASS. IF THE CUP IS USED AS THE
BOB OF A PENDULUM, THE SALT WILL TRACE OUT THE SWING PATTERN OF
THE PENDULUM. IN PLACE OF A CONE-SHAPED CUP, YOU CAN USE A
FROZEN -JUICE CAN WITH A HOLE IN THE BOTTOM OR AN UPSIDE-DOWN
DETERGENT BOTTLE. SALT PENDULUMS CAN BE HUNG FROM THE STANDARD
PENDULUM SUPPORTS. THEIR MOVEMENT IS SLOWER AND MORE STATELY,
HOWEVER, WHEN THEY ARE HUNG FROM THE CEILING. SPREAD A SHEET
OR PLENTY OF PAPER BELOW TO CATCH THE SALT, AND TAPE ANY JOINTS
IN THE PAPER WITH MASKING TAPE.

THE SALT PENDULUMS CAN BE USED IN ANY PENDULUM EXPERIMENT,.
LET CHILDREN TRY LOTS OF DIFFERENT WAYS OF HANGING AND SWINGING
THE PENDULUMS. MANY DIFFERENT DESIGNS AND PATTERNS CAN BE MADE
WITH SALT PENDULUMS.

OFTEN, CHILDREN COUPLE TWO SALT PENDULUMS TOGETHER, "JUST TO
SEE WHAT WILL HAPPEN." IF THEY HAVE ALREADY WORKED WITH COUPLED
PENDULUMS, THEY MAY TRY SOME OF THE ACTIVITIES AGAIN WITH SALT
PENDULUMS AND GET A VISUAL RECORD OF THE MOTION OF COUPLED
PENDULUMS.

A SIMPLE SALT PENDULUM CAN BE MADE BY HANGING A CAN OR CUP
FROM A SINGLE STRING.

WHAT KINDS OF PATTERNS WILL A SIMPLE SALT PENDULUM MAKE?

A COMPOUND SALT PENDULUM CAN BE MADE BY HANGING THE CAN OR
CUP FROM A "Y" SUSPENSION. THE KNOT MADE WHERE THE THREE STRINGS
INTERSECT SHOULD BE A SLIP KNOT. EVERY TIME THE POSITION OF THE
SLIP KNOT IS CHANGED, THE SAND WILL DROP IN A NEW PATTERN.

WHAT KINDS OF PATTERNS WILL A COMPOUND SALT PENDULUM MAKE?
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PROCEDURES: (PART 2)

A RATHER INTERESTING EXPERIMENT COULD BE TRIED OUT TO DETERMINE
THE APPROXIMATE CENTER OF GRAVITY OF A TOY AUTOMOBILE. SUSPEND
THE AUTOMOBILE BY ITS FOUR CORNERS TO A HORIZONTAL ROD AND SET IT
SWINGING THROUGH A SMALL ARC.

COUNT THE NUMBER OF VIBRATIONS OVER A PERIOD OF TWO OR THREE
MINUTES. DETERMINE THE PERIOD OF ONE VIBRATION BY DIVIDING TH4
TOTAL ELAPSED TIME TAKEN IN SECONDS. USING THE FORMULA FOR THE
SIMPLE PENDULUM CALCULATE THE LENGTH OF AN EQUIVALENT SIMPLE
PENDULUM WHICH WOULD HAVE THE SAME PERIOD OF VIBRATION AS THE
AUTOMOBILE.

L
GT2 /

1. = _ (REARRANGING TERMS)
42

WHERE G IS THE ACCELERATION OF GRAVITY AND T IS THE PERIOD OF
THE PENDULUM JUST OBSERVED, L WILL GIVE THE APPROXIMATE LOCATION
OF THE CENTER OF GRAVITY IN THE AUTOMOBILE AS MEASURED FROM THE
POINT OF SUSPENSION.- DOES IT FALL WITHIN THE LOWER PART OF THE
TOY AUTOMOBILE AS IT SHOULD?
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MOTION
LEVEL: HIGH SCHOOL

ACTIVITY: SPEED

/54l

THE TERM SPEED IS PART OF YOUR EVERYDAY VOCABULARY. WE TALK
ABOUT THE SPEED OF AUTOMOBILES, JET AIRPLANES, AND EVEN THE SPEED OF
SOUND AND OF LIGHT. THIS INVESTIGATION IS DESIGNED TO SHOW YOU
A METHOD OF MEASURING SPEED.

MATERIALS PER TEAM):

GROOVED SPEEDTRACK SYSTEM ( A SINGLE STEEL BALL ABOUT 1P INCH IN
LONG TRACK MAY BE USSD, IF YOU CHOOSE DIAMETER
6 DIFFERENT TRACK LENGTHS.) TIMER

GRAPH PAPER

PROCEDURES:

A. HOLD THE STEEL BALL AGAINST THE STARTING POST IN TRACK 1. RELEASE
THE BALL, AND DETERMINE THE TIMF IT TAKES THE BALL TO REACH THE
END OF THE TRACK. TIME CAN BE MEASURED WITH A CLICK TIMER, WITH
A STOP WATCH, OR BY CAREFUL OBSERVATION OF A SWEEP SECOND HAND
ON A WATCH OR CLOCK. TEAMWORK IS IMPORTANT! IT IS BEST TO MAKE
SEVERAL TRIALS, AND CALCULATE THE AVERAGE TIME FOR ALL TRIALS.

B. REPEAT THE PROCEDURES USING TRACKS 2 THROUGH 6. RECORD THE
AVERAGE.TIME FOR EACH TRACK.

C. MEASURE THE LENGTH OF EACH TRACK IN CENTIMETERS OR INCHES.

D. PLOT THE DATA ON A BAR GRAPH, USING THE HORIZONTAL AXIS TO SHOW
DISTANCE TRAVELED AND THE VERTICAL AXIS TO SHOW TIME.

INTERPRETATIONS:

1. COMPARE YOUR GRAPH WITH THE APPEARANCE OF THE SPEED TRACK SYSTEM.
DESCRIBE SIMILARITIES AND DIFFERENCES,AND SUGGEST AN EXPLANATION.

2. ASSUME THAT :S. = SPEED, D = DISTANCE, AND T = TIME. EXPLAIN
MACH OF THE FOLLOWING EQUATIONS:

A. S = 2 B. 0 = ST
T

C. T = 2
S

3. SUGGEST WAYS IN WHICH THE DESIGN OF THIS INVESTIGATION COULD
BE IMPROVED TO YIELD MORE ACCURATE RESULTS.

4. IN YOUR OWN WORDS WRITE OUT A DEFINITION OF SPEED.

UNDERSTANDING FORCE:
FORCE WAS USED BY MAN LONG BEFORE HE REALIZED WHAT IT WAS. HE

APPLIED FORCE WHEN HE LIFTED A STONE OR 'THREW A SPEAR. TODAY WE
USE MANY DEVICES TO PRODUCE FORCE: JET ENGINES, ELECTRIC MOTORS,
GASOLINEPOWERED ENGINES, AND ATOMIC ENERGY REACTORS. WE HAVE
TALKED ABOUT THE ATTRACTIVE FORCES BETWEEN ATOMS AND BETWEEN
MOLECULES, AND WE HAVE SEEN THAT THERE IS A FORCE CALLED GRAVITY.
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ALL OF THESE EXAMPLES INVOLVE LIFTING, PUSHING, PULLING, OR
ATTRACTING. FORCE IS ANY INFLUENCE THAT TENDS TO CAUSE MATTER TO
MOVE. THE WORD TENDS IS IMPORTANT. FOR EXAMPLE, IF YOU ATTEMPT
TO LIFT ONE END OF AN AUTOMOBILE YOU ARE EXERTING FORCE, EVEN THOUGH
THE CAR IS TOO HEAVY TO LIFT. OR IF YOU LEAN AGAINST A SOLID WALL
YOU EXERT FORCE, EVEN THOUGH THE WALL DOES NOT MOVE.

IT TAKES FORCE TO COMPRESS, STRETCH, OR BEND A SPRING. THE

ATOMS IN A SPRING ARE ARRANGED IN A PARTICULAR WAY. To BEND THEM
OUT OF THEIR PATTERN REQUIRES THAT THE ELECTRONS HOLDING THEM TOGETHER
BE CROWDED IN SOME PLACES AND THINNED OUT IN OTHERS. WHERE THE
ELECTRONS ARE CROWDED TOGETHER, THEY REPEL EACH OTHER MORE STRONGLY
AND GIVE THE METAL SPRING A TENDENCY TO RETURN TO ITS ORIGINAL SHAPE.
THE MORE YOU BEND THE MATERIAL OUT OF ITS NORMAL SHAPE, THE MORE
CROWDED THE ELECTRONS BECOME AND THE GREATER IS THE TENDENCY OF THE
MATERIAL TO RETURN TO ITS ORIGINAL SHAPE. ONE WAY TO MEASURE THIS
TENDENCY IS TO OBSERVE THE EFFECT OF A SPRING ON A STEEL BALL.

1. WHAT CAREERS WOULD NEED TO KNOW SOMETHING ABOUT SPEED, TIME
AND DISTANCE?
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MOTION
LEVEL: HIGH SCHOOL

ACTIVITY: RESOLUTION OF FORCES

HOW CAN ONE FORCE BE SEPARATED INTO TWO FORCES?

THE FORCE OF THE WIND AGAINST THE SURFACE OF A KITE SEEMS TO BE

EFFECTIVE IN TWO DIRECTIONS. IT PRODUCES A VERTICAL LIFT AGAINST

GRAVITY, AND AT THE SAME TIME, PART OF THE FORCE OF THE WIND IS

EXERTED IN A HORIZONTAL DIRECTION. THIS FORCE TENDS TO DRAG THE

KITE WITH THE WIND.

PROCEDURES:
THE SIMPLE CRANE IN FIG. 1 PRODUCES TWO FORCES AT B WHICH COMBINE

TO SUPPORT THE WEIGHT W.

1. WHAT IS THE DIRECTION OF THE FORCE EXERTED BY THE CORD AT B?

FROM TO

2. IS THE BOOM AB UNDER TENSION OR COMPRESSION?

3. WHAT IS THE DIRECTION OF THE FORCE EXERTED BY THE BOOM AT B?

FROM TO

THE FORCE OF THE BOOM CAN BE REPLACED BY A SPRING BALANCE ATTACHED
AT B AND ACTING PARALLEL TO THE 80CM.

BY MEANS OF THE PARALLELOGRAM METHOD, IT IS POSSIBLE TO COMPUTE
THE FORCES EXERTED BY W ON THE SUPPORTING PARTS OF THE CRANE.

SET UP THE APPARATUS SO THAT THE BOOM AB (FIG. 1) IS HORIZONTAL.

HANG A 500 G WEIGHT ON THE END OF THE BOOM. RECORD THE READING OF

THE BALANCE Co MEASURE ANGLE ABC CAREFULLY. IF A LARGE PROT*ACTOR

IS NOT AVAILABLE, PLACE A LARGERIECE OF PAPER AGAINST THE CRANE

AND ACCURALY MARK THE SIZE OP' ANGLE ABC.
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ON A SHEET OF NOTEBOOK PAPERS CONSTRUCT THIS ANGLE (FIG. 2).
EXTEND THE LINE WB VERTICALLY UPWARD. ON THIS LI4Es MARK OFF A
DISTANCE FROM B TO REPRESENT THE WEIGHT W. CHOOSE A SCALE TO
REPRESENT W AS LARGE AS IS CONVENIENT FOR YOUR PAPER.

RECORD ON THE PAPER THE SCALE YOU USED. CALL THIS LINE BW.
BW' IS THE RESULTANT FORCE.

4. BW' IS WHAT PART OF THE PARALLELOGRAM YOU ARE GOING TO CONSTRUCT?

EXTEND AB. THROUGH W' CONSTRUCT LINES W'A' AND W'C' PARALLEL TO
BC AND BA, RESPECTIVELY. MEASURE BC' AND BA' AND APPLY THE SAME
SCALE AS YOU USED IN DRAWING BW'. RECORD THE SIZE OF THE FORCE EACH
LINE REPRESENTS.

ATTACH A SPRING BALANCE TO THE END B OF THE BOOM AND PULL OUT
HORIZONTALLY UNTIL THE END A OF THE BOOM JUST LEAVES THE SUPPORT.

. -

NOTE THE BALANCE READING.

5. HOW DOES IT COMPARE WITH THE FORCE BA' THAT YOU COMPUTED?

IN THE SECOND TRIAL, FASTEN BALANCE C TO ANOTHER POSITION SO.
THAT THE BOOM AB IS RAISED ABOVE THE HORIZONTAL. USE THE SAME

WEIGHT AND REPEAT THE PROCEDURE ABOVE.

DATA
FIRST TRIAL I SECONDTRIAL

WEIGHT G G

BALANCE READING CF FORCE BC G

COMPUTED FORCE BC' I G G

BALANCE READING OF FORCE BA- G G

COMPUTED FORCE BA' G G

DISCUSSION:
1. A LADDER LEANS AGAINST A WALL. SHOW BY A DIAGRAM THE DIRECTION

OF THE COMPONENTS OF THE FORCE OF THE LADDER AGAINST THE WALL.

2. A STREET LAMP WEIGHING 60 LB IS SUSPENDED IN A CRANE SIMILAR TO
THE ONE YOU USED. IF ANGLE ABC IS 15O, WHAT ARE THE FORCES IN

AB AND BC?

3. WHAT ADVANTAGE IS THERE IN SUPPORTING A LAMP BY A CRANE OF THIS

TYPE RATHER THAN BY A SINGLE HORIZONTAL ARM ?..

4. LIST SEVERAL OCCUPATIONS THAT WOULD NEED TO BE ACQUAINTED WITH

THE OBJECTS IN THIS INVESTIGATION.
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MOTION
LEVEL: HIGHSSCHOOL

ACTIVITY: ROW DO WE CALCULATE THE ESCAPE VELOCITY OF A ROCKET?

SOME OF OUR EARTH SATELLITES HAVE "ESCAPED" FROM THE EARTH TO

GO INTO ORBIT AROUND THE SUN* YET WE LEARN FROM OUR EQUATION FOR
GRAVITATIONAL FORCE BETWEEN TWO BODIES THAT THE INFLUENCE OF GRAVITY,

THOUGH IT MAY BECOME VERY WEAK, EXTENDS INDEFINITELY INTO SPACE.
WHAT DOES IT MEAN, THEN, FOR A SATELLITE TO "ESCAPE"?

1. IT HAS BEEN FOUND THAT ANY TWO MASSES ATTRACT ONE ANOTHER WITH
A(N) FORCE. IT IS THIS FORCE THAT KEEPS THE

IN ORBIT AROUND THE EARTH AND THE EARTH IN ORBIT

AROUND THE

2. WE HAVE SEEN THAT THE EQUATION 8Y WHICH WE CAN CALCULATE THIS

FORCE I OVEN .1Y
F G144

R2

WHERE M AND M ARE THE TWO R IS

AND G ts THE GRAVITATION CONSTANT WHOSE VALUE IS
NEWTON- METER2 PER KILOGRAM2.

3. THE POTENTIAL ENERGY OF A MASS IN THE GRAVITATIONAL FIELD OF THE
EARTH WAS EARLIER CALCULATED ON THE ASSUMPTION THAT THE FORCE

DID NOT CHANGE VERY MUCH. IF OUR DISTANCE FROM THE CENTER OF

THE EARTH CHANGES, THIS ASSUMPTION WILL NO LONGER BE VALID. THE

METHOD OF CALCULATING THE POTENTIAL ENERGY WHEN THE FORCE VARIES

IS BEYOND THE MATHEMATICAL LEVEL OF THIS COURSE. TO MAKE THIS

CALCULATION EASIER, IT TURNS OUT THAT WE SHOULD PLACE OUR ZERO

OF POTENTIAL ENERGY AT INFINITY. SINCE AN OBJECT CLOSER TO THE

EARTH IS GENERALLY SAID TO HAVE LESS POTENTIAL ENERGY, THIS MEANS

THAT ANY OBJECT AT A FINITE DISTANCE MUST HAVE A NEGATIVE POTEN-

TIAL ENERGY (SINCE THE POTENTIAL ENERGY AT INFINITY IS ZERO).

IF WE ESTABLISH OUR ZERO OF POTENTIAL ENERGY AT INFINITY,

THE POTENTIAL ENERGY AT ANY POINT IN THE GRAVITATIONAL FIELD

IS THEN GIVEN BY A VERY SIMPLE EQUATION:

UG = - GNM

R

THE MINUS SIGN INDICATES THAT A BODY (GAINS, LOSES)

POTENTIAL ENERGY AS IT FALLS TOWARD THE EARTH (R BECOMES SMALLER).

WHEN A BODY FALLS FROM INFINITY TO A DISTANCE R FROM THE EARTH'S

CENTER, THERE IS A TOTAL (GAIN, LOSS) OF POTENTIAL

ENERGY EQUAL TO GMM/H, FOR THE BODY TO RISE AGAIN FROM R TO

INFINITY, IT MUST (ACQUIRE, GIVE UP) THE SAME

AMOUNT OF POTENTIAL ENERGY.

4. WHEN A ROCKET BEGINS ITS JOURNEY, IT HAS A LARGE AMOUNT OF

ENERGY. BUT THE HIGHER IT GOES, THE GREATER ITS

ENERGY BECOMES. SOME OF THE ENERGY IT

HAD DURING THE EARLY PART OF ITS FLIGHT IS TRANSFORMED INTO
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ENERGY AS IT GETS FARTHER FROM THE EARTH. WHEN
ALL THE KINETIC ENERGY HAS BEEN TRANSFORMED TO POTENTIAL ENERGY,
IT WILL STOP.

5. IF WE WANT IT TO "ESCAPE," WE MUST PROVIDE'ENOUGH KINETIC ENERGY
ON THE TAKEOFF SO THAT IT CANNOT ALL BE TRANSFORMED INTO POTEN
TIAL ENERGY EVEN IF THE CRAFT TRAVELS TO INFINITY. THIS MEANS

THAT
1 mv2 GMA_
2

MUST ALWAYS BE GREATER THAN ZERO. IF WE SET THE ABOVE EXPRES
SION EQUAL TO ZERO, WE WILL HAVE THE MPNIMUM CONDITIONS WHICH
WOULD PERMIT THE ROCKET TO REACH AN INFINITE DISTANCE. IN THIS

SASE, WE WOULD THEN HAVE
2 my` =
2

WHICH, UPON SIMPLIFICATION, GIVES US

AND)

SUBSTITUTING IN THIS EQUATION, WE HAVE

112 (2) (6.67 x 10-9 (6 x 1024)

6.38 x 106 v2 = 1.26 X 108 m2/sEc2

v = 1.12 x 104 misEc

v2 = 2GM
R

AN OBJECT WHICH LEAVES THE EARTH WITH THIS VELOCITY WILL
ALWAYS BE ABLE TO OUTRUN THE DECELERATION PRODUCED BY THE EARTH'S

GRAVITY. WE CALL THIS THE ESCAPE VELOCITY.

NOTICE THAT WE HAVE ASSUMED THERE ARE NO OTHER FACTORS TO
CONSIDER SUCH AS THE POSSIBLE EFFECT OF THE MOON OR THE SUN AND

THE FRICTION OF THE ATMOSPHERE.

6. WHAT IS THE ESCAPE VELOCITFOR A ROCKET LEAVING THE SURFACE
OF THE MOON (M = 7.3I X 10 KG AND R = 1.74 X 10° M)?

ANS.

7. IF A ROCKET DOES NOT ESCAPE BUT GOES INTO ORBIT, IT SOMETIMES
LOSES ENERGY THROUGH FRICTION OF THE ATMOSPHERE AND "FALLS IN"

CLOSER TO THE EARTH. YOU MIGHT EXPECT THAT THE RESISTANCE OF
THE ATMOSPHERE WOULD SLOW THE ROCKET DOWN, BUT WHAT ACTUALLY

HAPPENS IS THAT THE VELOCITY OF THE ROCKET AS IT

FALLS CLOSER TO THE EARTH. ITS ENERGY IS THERE..

FORE INCREASING, BUT ITS ENERGY IS, HOWEVER,

DECREASING. THE LOSS OF ENERGY IS GREATER THAN

THE GAIN OF ENERGY. THE DIFFERENCE IS CONVERTED

INTO OF THE ROCKET AND THE ATMOSPHERE.

PROCLEM SUMMARY: A ROCKET IS SAID TO HAVE ESCAPE VELOCITY WHEN ITS
VELOCITY IS SUFFICIENT TO ALWAYS OUTRUN THE PRODUCED BY

THE GRAVITY OF THE EARTH. WHAT TYPES OF CAREERS WOULD FIND THIS USEFUL?
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MOTION
LEVEL: HIGH SCHOOL

ACTIVITY: ANALYSIS OF MOMENTUM

MATERIALS PER TEAM):

TRACK WITH FORCE MECHANISM
2 STEEL BALLS
SHEET OF CARBON PAPER

8 MARBLES OF THE SAME WEIGHT
SHEET OF TRACING PAPER

PROCEDURES:
A. MAKE SURE THE TRACK IS LEVEL. PLACE A MARBLE IN THE GROOVE ABOUT

5 CM FROM THE LAUNCHING POINT. LAUNCH A SECOND MARBLE WITH A

MEASURED AMOUNT OF FORCE. RECORD THE SETTING USED ON THE FORCE
MECHANISM AND THE REACTION THAT OCCURS BETWEEN THE 2 MARBLES.

B. PLACE 5 MARBLES IN THE MIDDLE OF THE GROOVED TRACK SO THAT THEY
TOUCH EACH OTF:.:120 LAUNCH A MARBLE WITH THE SAME FORCE SETTING

USED IN PROCEDURE A. RECORD THE EFFECT ON THE 5 MARBLES.

Co PLACE 5 MARBLES IN THE MIDDLE OF THE GROOVED TRACK AS !N PRO..
CEDURE B. SHOOT 2 MARBLES AT THE SAME TIME AND WITH THE SAME

FORCE SETTING USED BEFORE. RECORD THE EFFECT ON THE 5 MARBLES.
REPEAT THIS PROCEDURE SHOOTING 3 MARBLES AT THE SAME TIME, AND
RECORD THE EFFECT ON THE OTHER FIVE.

D. PLACE A MARBLE IN THE MIDDLE OF THE GROOVED TRACK. SHOOT ONE

OF THE STEEL BALLS WITH THE SAME FORCE SETTING. RECORD YOUR

RESULTS.

INTERPRETATIONS:

1. WHAT HAPPENED TO THE MOMENTUM OF THE MARBLES LAUNCHED IN PRO
CEDURES A, B, AND C?

2. AS A RESULT OF THE COLLISIONS, HOW DID THE CHANGE IN MOMENTUM
OF THE STEEL BALL IN PROCEDURE D COMPARE WITH THE CHANGE IN
MOMENTUM OF THE MARBLES THAT WERE LAUNCHED IN PROCEDURES A, B,

AND C?

PROBLEMS:

I. CAREFULLY STUDY THE RESULTS OF EACH PROCEDURE. RECALL THAT

MOMENTUM IS A PROPERTY OF A MOVING OBJECT AND IS EQUAL TO THE
MASS OF AN.OBJECT TIMES ITS SPEED. .FROM THE RESULTS OF THE EX
PERIMENTS YOU HAVE PERFORMED, STATE A GENERAL LAW ABOUT MOMENTUM.

2. FROM YOUR OBSERVATIONS, PREDICT WHAT WILL HAPPEN IF A STEEL
BALL IS PLACED IN THE MIDDLE OF THE TRACK AND A MARBLE IS

LAUNCHED AT IT. RECORD YOUR PREDICTION.
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PROCEDURES: (CONTINUED)

E. PLACE A STEEL BALL IN THE MIDDLE OF THE TRACK, AND LAUNCH A
MARBLE AT IT. OBSERVE THE QIRECTION OF MOTION OF EACH AFTER
THE COLLISION. ROUGHLY COMPARE THE SPEED OF THE MARBLE BEFORE

AND AFTER THE COLLISION.

F. IN PREVIOUS PROCEDURES, THE DIRECTIONS IN WHICH THE MARBLES AND
STEEL BALLS MOVED AFTER COLLISION WERE LIMITED BY THE TRACK.
IN THIS PROCEDURE THE STEEL BALLS WILL BE FREE TO MOVE IN ANY
DIRECTION ON A TABLE TOP AFTER THEY COLLIDE. PLACE THE CARBON
PAPER ON THE TABLE, CARBON SIDE UP, AND LAY THE TRACING PAPER
OVER IT. THE WEIGHT OF EACH BALL WILL LEAVE A TRACK ON THE
BOTTCM OF THE TRACING PAPER. ROLL THE STEEL BALLS TOWARD EACH
OTHERONE FROM EACH HAND. TRY TO RELEASE THE BALLS IN SUCH A
WAY THAT THEY HAVE APPROXIMATELY EQUAL SPEED. MAKE SKETCHES
OF SEVERAL COLLISIONS, USING CIRCLES TO REPRESENT THE STEEL BALLS
AND ARROWS TO INDICATE THEIR MOVEMENTS. USE INK TO DRAW THE
CIRCLE AND ARROW TOR ONE BALL. USE PENCIL TO DRAW THE CIRCLE
AND ARROW FOR THE OTHER BALL.

INTERPRETATIONS: (CONTINUED)

3. WHAT THREE FACTORS SEEM TO DETERMINE THE RESULTS OF THE COLLISIONS
YOU OBSERVED IN PROCEDU,E E?

4. IN THE ANALYSIS OF MOTION, IT IS NOT ENOUGH TO KNOW THE SPEED
OF AN OBJECT. YOU MUST ALSO KNOW THE EXACT DIRECTION IN WHICH
AN'OBJECT IS MOVING. THE CCMBINATION OF SPEED AND DIRECTION
IS VELOCITY. IN PROCEDURE F COULD YOU PREDICT WHAT DIRECTION
EACH BALL WOULD TAKE AFTER THE TWO COLLIDED?
AS LONG AS YOU LIMIT THE DIRECTION OF MOTION WITH A TRACK, IT

IS FAIRLY EASY TO PREDICT THE RESULT OF A COLLISION. WITHOUT THE
TRACK THE OBJECTS HAVE GREATER FREEDOM OF MOVEMENT, AND THE MATHE-
MATICS BECOMES COMPLICATED. /

.PROBLEMS: (CONTINUED)

3. SUPPOSE THAT AN AUTO AND A LARGE, HEAVILY -LADEN TRUCK ARE EACH

TRAVELING AT 50 MILES PER HOUR. WHICH WOULD HAVE THE GREATEST
CHANGE IN DIRECTION AND SPEED IF THEY WERE TO COLLIDE HEADON?
BASE YOUR ANSWER ON YOUR PREVIOUS INVESTIGATION OF THE COLLISION
BETWEEN A MARBLE AND A STEEL BALL.
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MOTION

LEVEL: HIGH SCHOOL

ACTIVITY: ACCELERATION AND MEASURING ACCELERATION

IF YOU STOP A BICYCLE AT THE TOP OF A HILL AND THEN START COASTING
DOWN THE HILL, YOU WILL EXPERIENCE A CONSTANT INCREASE IN SPEED. THIS

MIGHT MAKE YOU WANT TO SLOW DOWN BY USING THE BRAKES. WHEN YOU ARE

ON THE HILL GRAVITY CAN CAUSE YOUR SPEED TO INCREASE OR DECREASE;
FRICTION CAN CAUSE IT TO DECREASE.

A BALL ROLLED UP A HILL DOES NOT MOVE AT A STEADY SPEED AND THEN

SUDDENLY STOP. IT WILL GRADUALLY SLOW DOWN, STOP, AND THEN START

ROLLING BACK DOWN THE HILL. LACKING BRAKES, THE BALL WILL CONTINUE

INCREASING IN SPEED UNTIL IT REACHES THE BOTTOM OR UNTIL SOMETHING

STOPS IT.
IT IS DIFFICULT TO DETERMINE THE SPEED OF A BALL ROLLING DOWN A

HILL AT ANY ONE INSTANT OF TIME. IN THE NEXT INVESTIGATION YOU WILL
ATTEMPT TO DETERMINE THE AVERAGE SPEED OF A BALL FOR DIFFERENT IN-
TERVALS OF TIME, WHILE IT IS ONE THE SLOPE. FROM THESE AVERAGES

you CAN DETERMINE THE ACCELERATION OF THE BALL.

MEASURING ACCELERATION
STUDY THE DIRECTIONS CAREFUI.I.Y.BEFORE BEGINNING THE INVESTIGATION.
YOUR RESULTS CAN BE ACCURATE ONLY IF EACH PERSON ON YOUR TEAM DOES

HIS JOB CAREFULLY.

MATERIALS:
TRACK MARKING GUIDE (CARD WITH SMALL

MASKING TAPE HOLE IN IT) 't

STRIP OF PAPER (AS LONG AS THE TRACK) STEEL BALL OR MARBLE
.

't

TIMER METRIC RULER

GRAPH PAPER

PROCEDURES:

A. SET THE TRACAT A SLOPE OF ABOUT 5/100.

B. TAPE THE MARKING GUIDE TO THE TABLE NEAR THE RAISED END OF THE

TRACK. SLIDE THE STRIP OF PAPER UNDER THE MARKING GUIDE.

C. HAVE ONE MEMBER OF YOUR TEAM PUT THE BALL AT THE TOP OF THE

TRACK AND HOLD IT IN POSITION WITH A PENCIL. HAVE ANOTHER TEAM

MEMBER GRASP THE END OF THE STRIP OF PAPER AND MOVE IT UNTIL

IT IS EVEN WITH THE BALL. START THE TIMER AND RELEASE THE BALL

AT THE INSTANT THE TIMER CLICKS. PRACTICE SLIDING THE STRIP OF

PAPER ALONG THE TABLE SO THAT ITS END STAYS EVEN WITH THE BALL

ROLLING DOWN THE TRACK.
0, NOW HAVE ANOTHER TEAM MEMBER PRACTICE MARKING THE MOVING PAPER

STRIP THROUGH THE HOLE IN THE MARKING GUIDE. USE A BALLPOINT
PEN, AND PRACTICE TAPPING THE STRIP IN TIME WITH EACH CLICK

OF THE TIMER.
E. WHEN YOU HAVE PRACTICED ENOUGH TO MAKE YOUR RESULTS DEPENDABLE,

TURN OVER THE PAPER STRIP AND MOVE IT INTO STARTING POSITION.

HAVE THE MARKER BEGIN TAPPING THE PAPER THROUGH THE HOLE IN

TIME WITH THE CLICKS. THIS WILL MARK THE BEGINNING POINT FOR

YOUR RECORD. WHEN THE BALL IS RELEASED AND THE STRIP OF PAPER
IS'PULLED, THE MARKS ON THE PAPER WILL BE SEPARATED BY THE OIS

TANCE THE BALL'HAS MOVED BETWEEN CLICKS.
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F. MEASURE AND RECORD THE DISTANCES BETWEEN MARKS.

INTERPRETATIONS:

1. SINCE THE TIME INTERVAL FOR EACH DISTANCE YOU MEASURED IS ONE
CLICK, THE AVERAGE SPEED FOR THAT INTERVAL IS NUMERICALLY
EQUAL TO THE DISTANCE.

AVERAGE SPEED = DISTANCE BETWEEN MARKS

1 CLICK

RECORD THE AVERAGE SPEED FOR EACH TIME INTERVAL CAREFULLY.

2. PREPARE A GRAPH OF YOUR DATA. PLOT THE AVERAGE SPEEDS ON THE
VERTICAL AXIS AND THE TIMEINTERVALS ON THE HORIZONTAL AXIS.

3. STUDY THE GRAPH. DOES THE SPEED-"INCREASE BY THE SAME AMOUNT

FROM ONE TIME INTERVAL TO THE NEXT?

4. IF THE AMOUNT OF CHANGE FROM ONE TIME INTERVAL TO THE NEXT IS
RELATIVELY CONSTANT, WHAT IS THE AVERAGE CHANGE IN SPEED PER TIME
INTERVAL? WHAT IS THE ACCELERATION?

5. COMPARE YOUR GRAPH WITH THE GRAPHS PREPARED BY OTHER TEAMS.
DESCRIBE AND EXPLAIN ANY SIMILARITIES AND DIFFERENCES.

6. IF THE SLOPE WAS INCREASED, WHAT WOULD BE THE EFFECT ON THE

ACCELERATION?
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MOTION
LEVEL: HIGH SCHOOL

ACTIVITY: GRAVITATIONAL FORCE

PROBLEM:
IS GRAVITATIONAL ACCELERATION THE SAME FOR ALL FALLING BODIES RE
GARDLESS OF THEIR MASS?

MATERIALS:
TWENTY IRON WASHERS
PAPER CLIP

STRING
STOP WATCH OR ANY WATCH WITH

A SWEEP SECOND HAND.

PROCEDURE:
TIE THE PAPER CLIP TO ONE END OF THE STRING AND SLIP 10 WASHERS

ONTO THE STRING. HANG THE STRING SO THAT IT IS AT LEAST A METER
LONG BETWEEN THE POINT OF SUSPENSION AND THE WASHERS. SET THE

WASHERS SWINGING AS A PENDULUM; TIME TEN PERIODS. (A PERIOD IS THE

TIME REQUIRED FOR THE WASHERS TO SWING THROUGH AN ARC AND BACK AGAIN

TO THE RELEASE POINT.) CALCULATE THE PERIOD OF THE PENDULUM. RE-

PEAT THE EXPERIMENT BUT RELEASE THE WASHERS FROM A )IFFERENT HEIGHT

THAN BEFORE. SLIP THE REMAINING WASHERS ONTO THE STRING AND REPEAT
THE EXPERIMENT TO DETERMINE THE PERIOD WHEN THE GREATER MASS IS USED.

OBSERVATIONS:
1. THE PERIOD OF THE PENDULUM WITH 10 WASHERS (TRIAL 1)

2. THE PERIOD OF THE PENDULUM WITH 10 WASHERS (TRIAL 2)

3. THE PERIOD OF THE PENDULUM WITH 20 WASHERS (TRIAL 1)

4. THE PERIOD OF THE PENDULUM WITH 20 WASHERS (TRIAL 2)

INTERPRETATION:
1. IF THERE WERE NO FORCE OF GRAVITY, WHAT WOULD HAPPEN WHEN THE

WASHERS ARE RELEASED AT THE TOP OF THEIR SWING?

2. WHAT CAUSES THE PENDULUM TO SWING?

3. HAS THE PERIOD OF THE PENDULUM BEEN AFFECTED BY CHANGING THE

MASS?

CONTINUING THE INVESTIGATION:
VARY THE LENGTH OF THE PENDULUM AND AGAIN DETERMINE THE PERIOD.

IS THERE ANY CHANGE? IS THE PERIOD OF THE PENDULUM DIRECTLY OR
INVERSELY PROPORTIONAL TO ITS LENGTH? IF THE LENGTH IS HALVED,

HOW IS THE PERIOD AFFECTED? HOW LONG WOULD A PENDULUM BE, WHICH

COULD BE USED AS A TIMING DEVICE, WITH A PERIOD OF 1 SECOND?

(RECORD YOUR OBSERVATIONS IN THE SPACE AVAILABLE BELOW AND ON THE

FOLLOWING PAGE; SHOW ALL YOUR CALCULATIONS.)
HOW WOULD THIS INVESTIGATION TIE IN WITH THE FOLLOWING CAREERS?

A PILOT, AN AIRCRAFT DESIGNER, CONTRACTOR, SPACE TECHNOLOGY, PLUMBER,

AND AERIAL DIVER?
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PHYSICS - ENERGY - OPTICS & WAVES

ARTIST & LAY OUT MEN (ADVERTISING)
ASTRONAUTS
DENTIST
ENGINEER
INTERIOR DESIGN & DECORATION
OPTOMETRIST
PHYSICIAN
RADIO & TV ANNOUNCER
ELEMENTARY TEACHER
TECHNICAL WRITER
X -RAY TECHNICIAN

FARMING
INSTRUMENT REPAIRER
OPTICAL MECHANICS

GLAZIER
PAINTER

BRAKEMAN
LITHOGRAPHIC OCCUPATION
POWER PLANT OPERATOR

ARCHITECTS
PHYSICAL CHEMIST
ENGINEERING TECHNICIAN
GEOPHYSICS
MERCHANT MARINE
PHOTOGRAPHER
PHYSICIST
SURVEYOR
TEACHER SECONDARYCOLLEGE
VETERINARIAN
RADIOLOGIST
INSTRUMENT MAKER

OPTICIAN
TV & RADIO TECHNICIAN
PAPER HANGER
SIGNAL MAINTAINER (RR)

BROADCAST TECHNICIAN
PICTURE PROJECTIONIST
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ENERGY: (LIGHT-OPTICS)

LEVEL: JUNIOR HIGH

ACTIVITY: OBSERVING PATHWAYS or LIGHT

MATERIALS: (PER TEAM)
RULER OR STRAIGHTEDGE
SMALL FLAT -SIDED CLEAR BOTTLE) WITH CAP
WTER

PROCEDURE:

COIN

FLATBOTTOMED CUP (OPAQUE)
LENSES, 2

A. LOOK AT A COIN OR SOME OTHER SMALL OBJECT ON YOUR WORKTABLE.
YOU ARE ABLE TO SEE IT BECAUSE LIGHT FROM A SOURCE IS REFLECTED
FROM THE OBJECT TO YOUR EYE. IN YOUR NOTEBOOK MAKE A SKETCH
SHOWING THE PATH YOU THINK LIGHT TAKES FROM THE SOURCE TO THE
OBJECT TO YOUR EYE.

INTERPRETATIONS:

1. SUGGEST A TEST TO PROVE THAT LIGHT, MAKES IT POSSIBLE FOR YOU

TO SEE THE OBJECT.

2. DOES ALL THE LIGHT LEAVING THE COIN COME TO YOUR EYES?
EXPLAIN YOUR ANSWER.

3. Do YOU THINK THAT LIGHT FROM THE COIN FOLLOWS A STRAIGHT
PATH OR A BENT PATH AS IT TRAVELS TO YOUR EYE?

PROCEDURES:

B. SIGHT AT THE COIN ALONG THE EDGE OF A RULER. HAVE ONE OF

YOUR TEAMMATES VIEW THIS PROCEDURE FROM THE SIDE.

INTERPRETATIONS:

4. DOES THE RULER POINT DIRECTLY AT THE COIN?

5. IS THE PATH OF LIGHT TRAVELING FROM THE COIN TO YOUR !YE A
STRAIGHT ONE?

PROCEDURES:

C. DRAW A STRAIGHT LINE ON A PIECE OF PAPER. FILL THE SMALL

BOTTLE WITH WATER, AND CA? IT. LAY THE BOTTLE ACROSS THE LINE.
LOOK AT THE LINE FROM SEVERAL DIFFERENT ANGLES AND POSITIONS,

INTERPRETATIONS:

6. DESCRIBE THE APPEARANCE OF THE LINE. DOES LIGHT rRom THE

LINE F0',..LOW A STRAft;HT PAT1-, THROUGH THE BOTTLE AND THE AIR?
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PROCEDURES:

D. PLACE A SMALL COIN IN THE CUP. PUT THE CUP ON THE DESK.
THEN SLOWLY MOVE BACK JUST FAR ENOUGH SO THAT YOU CAN NO
LONGER SEE THE COIN, REMAIN AT THIS POSITION WATCHING
THE TOP OF THE CUP WHILE ANOTHER MEMBER OF YOUR TEAM VERY
SLOWLY POURS WATER INTO IT. SIGHT AT THE COIN IN THE CUP
ALONG THE EDGE Or YOUR RULER. HAVE A TEAMMATE OBSERVE FROM
THE SIDE,

INTERPRETATIONS:

7. DESCRIBE AND EXPLAIN WHAT YOU OBSERVED IN PROCEDURE D.

8. WHAT DOES THIS TELL YOU ABOUT THE PATHWAY OF LIGHT?

PROCEDURES;

E. DARKEN THE ROOM, LEAVING ONC SHADE SLIGHTLY OPEN. STAND

NEAR THE WINDOW WITH A LENS AND SHEET OF PAPER. HOLD THE
LENS BETWEEN THE WINDOW AND THE PAPER. MOVE THE :,..:NS BACK

AND FORTH UNTIL THE IMAGE OF AN OBJECT OUTSIDE, SUCH AS A
TREE, IS FOCUSED ON THE PAPER.

INTERPRETATIONS:

9. DESCRIBE THE APPEARANCE OF THE IMAGE ON THE PAPER.

PROCEDURES:

F. EXAMINE THE TWO LENSES AND DETERMINE WHICH ONE MAKES THE
PRINT ON THIS PAGE APPEAR LARGER. HOLD THE LENS OF GREATER
MAGNIFICATION NEAR YOUF CYE. HOLD THE OTHER A LITTLE FARTHER
AWAY, IN LINE WITH THE CLOSER LENS. MOVE THE WEAKER LENS'
AWAY FROM YOU SLOWLY UNTIL YOU SEE THE IMAGE OF SOME OBJECT
IN FRONT OF YOU IN FOCUS. THIS IS THE WAY A TELESCOPE WORKS.

INTERPRETATIONS:

10, DESCRIBE THE IMAGE OBTAINED IN PROCEDURE F.

11. IN WHAT WAYS ARE LENSES AND WATER SIMILAR IN THEIR EFFECTS
ON LIGHT?
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ENERGY (LIGHT-OPTICS)

LEVEL: JUNIOR HIGH & ABOVE

ACTIVITY: ACTIVITIES WITH LIGHT INTERFERENCE

MATERIALS: PART 1 OIL
FLAT DISH

PART 2- WIRE FRAME,
SOAP

PART 3
2 PIECES OF FLAT GLASS
MERCURY VAPOR LAMP

PROCEDURES:

1. PLACE A DROP OF OIL ON THE SURFACE OF WATER CONTAINED IN
A FLAT DISH AND ALLOW THE OIL TO SPREAD OVE
OF THE WATER. OBSERVE THE COLOR FRINGES T
ILLUMINATED BY WHITE LIGHT (SUCH AS SUNLIG
ENCE BETWEEN THE WAVES OF A CERTAIN COLOR
THAT COLOR FROM THE REFLECTED LIGHT SO THA
WHITE LIGHT BEING REFLECTED, THE EYE WELL R
LIGHT MINUS THIS CERTAIN come. IF BLUE LIGHT IS ELIM-
INATED, THEN THE COLOR REFLECTED TO THE EYE WILL APPEAR
YELLOW. IN A DARKENED ROOM TRY REFLECTING AMONOCHRO
MATIC LIGHT FROM THE OIL FILAILAtip 4111Yre 4444.4AZIA.T. How
IS IT DIFFERENT FROM THE WHITE LIGHT EXPERIMENT?

THE SURFACE
T OCCUR WHEN

INTERFER
Y ELIMINATE
INSTEAD OF
CEIVE WHITE

2. BLOW A SOAP BUBBLE OR ALLOW A FILM OF SOAP SOLUTION TO
FORM ON A STRETCHABLE WIRE FRAME. NOTICE THE COLOR
FRINGES DUE TO REFLECTION FROM :THE FRONT AND REAR SUR
FACES. ALSO, NOTICE THAT, AS THE FILM THINS OUT, THE

ts

COLOR TENDS TO DISAPPEAR COMPLETELY.

PLACE TOGETHER TWO FLAT PIECES OF GLASS, SUCH AS PLATE
GLASS, ON A LEVEL SURFACE AND ALLOW LIGHT FROM A MER
CURT VAPOR LAMP TO SE REFLECTED FROM THE GLASS TO THE
EYE, THERE WELL BE ENOUGH IRREGULARITY IN THE TWO SUR
FACES TO GIVE THE NONPARALLEL FACES NEEDED TO SHOW
INTERFERENCE. NOTE THE RESULTING FRINGES. APPLY
PRESSURE TO ONE OR THE OTHER EDGES AND NOTE ANY CHANGE
IN THE FRINGE PATTERN. ROTATE THE GLASS ON THE SURFACE
AND WATCH FOR ADDITIONAL CHANGES.



ENERGY: OPTICS
LEVEL: HIGH SCHOOL

ACTIVITY: THE COLOR OF OBJECTS

PROBLEM:

THE COLOR OF ANY OBJECT WE SEE DEPENDS ON THE COLORS OF LIGHT ABSORBED
AND REFLECTED BY THE OBJECT. HOW DO DIFFERENT COLORS OF LIGHT FALLING
ON AN OBJECT AFFECT THE COLORS WE SEE?

INVESTIGATION:

A BOX WITH A VIEWING HOLE AND A LIGHT SOCKET INTO WHICH DIFFERENT
COLORED LIGHT BULBS CAN BE PLACED IS ARRANGED. THE EFFECTS OF DIFFER-
ENT COLORED LIGHTS ON VARIOUSLY COLORED OBJET S PLACED IN THE BOX
ARE GIVEN IN THE TABLE BELOW.

i COLOR OF
LIGHT BULB

i

COLOR OF
OBJECT

I

I

COLOR SEEN
BY THE EYE

WHITE . GREEN
1

GREEN
BLUE RED j BLACK
RED j GREEN ,

j

I
BLACK

YELLOW
i

WHITE YELLOW
GREEN I SLACK f BLACK

INTERPRETATION:

ACCORDING TO'THE RESULTS GIVEN IN THE TABLE, MARK EACH OF THE
FOLLOWING STATEMENTS TRUE, FALSE OR NOT PROVED IN THE SPACE PROVIDED.

I. A WHITE OBJECT IN YELLOW LIGHT REFLECTS THE YELLOW
LIGHT WAVES.

2. A GREEN OBJECT IN YELLOW LIGHT ABSORBS THE BLUE
LIGHT WAVES.

3, A RED OBJECT IN BLUE LIGHT REFLECTS THE RED LIGHT
WAVES.

4. A BLACK OBJECT IN WHITE LIGHT ABSORBS ALL THE LIGHT
WAVES,

5. A GREEN OBJECT IN RED LIGHT REFLECTS THE RED LIGHT
WAVES.

6. A BLACK OBJECT IN BLUE LIGHT ABSORBS THE BLUE LIGHT
WAVES.

7. A RED OBJECT IN GREEN LIGHT REFLECTS THE YELLOW
LIGHT WAVES.

8. A BLACK OBJECT IN GREEN LIGHT REFLECTS THE GREEN
LIGHT WAVES.
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9. A GREEN OBJECT IN WHITE LIGHT REFLECTS THE GREEN
LIGHT WAVES.

10. A RED OBJECT IN BLUE LIGHT ABSORBS THE BLUE LIGHT
WAVES.

APPLICATION:

1. EXPLAIN WHY IT IS WISE TO EXAMINE THE COLOR OF A SUIT OR DRESS
BEING PURCHASED /N SUNLIGHT RATHER THAN UNDER THE STORE LIGHTS
IN ORDER TO SEE THE TRUE COLOR OF THE CLOTH.

2,.. WHAT CAREERS WOULD NEED TO BE CONCERNED WITH VIEWING OBJECTS

OR ITEMS IN QUALITY LIGHT?

1 9S
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PHYSICS - ENERGY - ELECTRICITY

ARCHITECTS
ASTRONOMER
PHYSICAL CHEMIST
DENTIST
ENGINEERING TECHNICIAN
ENGINEER
GEOPHYSICS
GROUND RADIO OPERATOR
M&CHANT MARINE
PHYSICIAN
PHYSICIST

ELEMENTARY TEACHER
TEACHER SECONDARY - COLLEGE

TECHNICAL WRITER
VETERINARIAN
X-RAY TECHNICIAN
RADIOLOGIST
COMPUTER OPERATORS
TELEGRAPHERS
TELEPHONER
TOWER OPERATOR (R. R.)
AUTO PARTS MAN
BUILDING CUSTODIAN
JEWELER
RADIO & TV ANNOUNCER

WATCH REPAIRMAN
CENTRAL OFFICE CRAFTSMAN (TELEPHONE)
ELECTRICAL REPAIRMAN
LINEMAN
TELEPHONE REPAIRMAN
AIRPLANE DISPATCHER
BROADCAST TECHNICIAN
GASOLINE SERVICE STATION ATTENDANT
LOCOMOTIVE ENGINEER
METER MAN -WOMAN

PHOTO ENGRAVER
STATIONARY ENGINEER
TAXI DRIVER
TRUCK DRIVER

SP
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FBI AGENT
POLICEMAN -WOMAN

STEWARDESSES
FARM CROP PRODUCTION TECHNICIAN
DAIRY PRODUCTION TECHNICIAN
FARMING

FISH CULTURE TECHNICIAN
LIVESTOCK PRODUCTION TECHNICIAN
SOIL SCIENTIST
ELECTROPLATER
AIR CONDITIONING & REFRIGERATION

MECHANICS
AIRCRAFT MECHANICS
AUTO MECHANIC
DIESEL MECHANIC -

FARM EQUIPMENT MECHANIC
FLIGHT ENGINEER
INDUSTRIAL MAINTENANCE MECHANIC
INSTRUMENT MAKER
MACHJNE-TOOL OPERATORS
MILLRISHT
OFFICE MACHINE REPAIRMAN

APPLIANCE SERVICEMAN
INSTRUMENT REPAIRER
JEWELER REPAIR
TV & RADIO TECHNICIAN
CARPENTER
TELEPHONE INSTALLER
ELEVATOR REPAIRMAN
SIGNAL MAINTAINER
WELDER
BRAKEMAN
ELECTRO TYPERS
TRUCK DRIVER (WAREHOUSE)
APPRENTICE ENGINEER
PROJECTIONIST
POWER PLANT OPERATOR
BOILER FIREMAN
POWER DISPATCHER

6



ENERGY: ELECTRICITY

LEVEL: JUNIOR HIGH

ACTIVITY: How CAN RESISTANCE BE USEFUL IN ELECTRICAL APPLIANCES?

MATERIALS: 2 DRY CELLS 4" OF THICK COPPER WIRE

3 FT. INSULATED ELECTRICAL WIRE 4" OF THIN COPPER WIRE

GAS COLLECTING BOTTLE 4" OF NICHROME WIRE

TWO-HOLE RUBBER STOPPER 4" STRAND OF PICTURE-

SWITCH HANGING WIRE
.4

PROCEDURE:
A. PUSH THE ENDS OF TWO ELECTRICAL WIRES THROUGH THE TWO HOLES

OF A RUBBER STOPPER THAT FITS THE GAS BOTTLE OPENING. (A

CORK STOPPER-MAY BE SUBSTITUTED.) REMOVE INSULATION FROM

THE ENDS OF THE WIRES.

B. CONNECT THE SWITCH AND THE TWO DRY CELLS IN SERIES.

C. TAKE THE SHORT PIECE OFTHIN COPPER WIRE AND TWIST IT AROUND
THE ENDS OF THE TWO WIRES YOU PUSHED THROUGH THE STOPPER.
PLACE THE STOPPER IN THE BOTTLE AND CLOSE THE SWITCH.
OBSERVE WHAT HAPPENS AND RECORD THE RESULTS IN THE TABLE

BELOW.

D. REPEAT STEP C USING A THICKER PIECE OF COPPER WIRE.

E. REPEAT STEP C USING ONE STRAND TAKEN FROM ORDINARY PICTURE-

HANGING WIRE.

F. REPEAT STEP C USING NICHROME WIRE.

WHAT DO WE SEE?
CHECK YOUR OBSERVATION FOR EACH MATERIAL.

DID WIRE GLOW?
MATERIAL TESTED

YES No

THICK COPPER WIRE

THIN COPPER WIRE

PICTURE WIRE

NICHROME WIRE



WHAT DO WE LEARN? .

1. Pio THE THIN COPPER WIRE GET HOTTER THAN THE THICK COPPER
WIRE? EXPLAIN.

2. DID ALL OF THE MATERIALS TESTED GIVE THE SAME RESISTANCE?
How DO YOU KNOW?

3. OF THE COPPER, PICTURE WIRE, AND NICHROME, WHICH DO YOU THINK
IS THE BEST FOR WIRING A TOASTER? WHY?

4 THE THIN FILAMENT OF AN ELECTRIC LIGHT BULB MUST GET WHITES
HOT TO GIVEiLIGHT SHOULD THE FILAMENT BE ONE WITH A GREAT
DEAL OR VERY LITTLE RESISTANCE?

199
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ELECTRICITY
LEVEL: HIGH SCHOOL

ACTIVITY: STRENGTH OF A MAGNETIC FIELD

PROBLEM:
A MAGNET IS SURROUNDED BY A FIELD OF FORCE KNOWN AS A MAGNETIC

FIELD. WHAT HAPPENS TO THE STRENGTH OF THE MAGNETIC FORCE AS THE

DISTANCE FROM THE MAGNET IS INCREASED?

MATERIALS:
RING STAND,
RING STAND CLAMP
3r GLASS MICROSCOPE SLIDES,

2" RING STAND RING
UMAGNET OR BAR MAGNET
STEEL PAPER CLIPS

PROCEDURE:
SUPPORT THE MAGNET WITH THE CLAMP SO THAT IT IS POSITIONED OVER

THE RING, AS SHOWN IN THE DIAGRAM. PLACE A GLASS SLIDE OVER THE

RING AND GENTLY LOWER THE MAGNET SO THAT THE END RESTS SQUARELY ON

THE SLIDE. TIGHTEN THE CLAMP TO HOLD THE MAGNET STEADY. PLACE

TWO PAPER CLIPS HOOKED ENDTOEND UNDER THE SLIDE SO THATXTHEY ARE

SUPPORTED BY THE MAGNETIC FORCE. NOW, CAREFULLY ADD PAPER CLIPS ONE

AT A TIME UNTIL THE WEIGHT IS TOO HEAVY TO BE SUPPORTED.- PLACE A

SECOND SLIDE ON TOP OF THE FIRST, POSITION THE MAGNET AGAIN, AND

REPEAT THE EXPERIMENT. RECORD THE TOTAL NUMBER OF CLIPS SUPPORTED

AS THE DISTANCE IS INCREASED 1 MM ATA TIME THE APPROXIMATE THICK...

NESS OF EACH SLIDE) IN THE TABLE.
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OBSERVATIONS:

FILL IN THE RESULTS OF THE EXPERIMENT IN THE TABLE BELOW.

NUMBER OF SLIDES DISTANCE FROM MAGNET
IN MILLIMETERS

NUMBER OF PAPER
CLIPS SUPPORTED

1

2

3 i
7--

4 .

5 1

.

6

7
8 ,

9
10

11

12

INTERPRETATION:

MAKE A GRAPH SHOWING THE RELATIONSHIP BETWEEN THE DISTANCEFROM

THE MAGNET ANO THE STRENGTH OF THE MAGNETIC FIELD.

APPLICATIONS:

1. WHAT INDUSTRIES WOULD 8E CONCERNED WITH MAGNETIC FIELDS?

2. CAN YOU THINK OF SEVERAL OCCUPATIONS. THAT WOULD NEED TO KNOW

HOW A MAGNETIC FIELD BEHAVES?
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ELECTRICITY
LEVEL: HIGH SCHOOL

ACTIVITY.: A RADIO RECEIVER

PROBLEM:
IF YOU HAVE EXAMINED THE INSIDE OF A RADIO RECEIVER, YOU KNOW THAT
IT APPEARS VERY COMPLICATED. How IS A SIMPLE RADIO RECEIVER ASSEMBLED?

MATERIALS:
FINE COPPER INSULATED WIRE
50 FEET OF BARE COPPER WIRE
RADIO TUNING CONDENSER
WIRING CLIPS

PROCEDURE:
WIND 60 TURNS OF FINE, INSULATED WIRE AROUND THE "OATMEAL" BOX TO

MAKE AN ANTENNA COIL. FASTEN THE ENDS OF THE'WIRE WITH TAPE, BUT
LEAVE THE LEADS LONG ENOUGH TO CONNECT THECOIL TO THE OTHER PARTS.
ASSEMBLE THE PARTS AND CONNECT THEM TOGETHER, USING THE HEAVIER WIRE,'

AS SHOWN. THE BANDED END OF THE DIODE CRYSTAL MUST BE ATTACHED AS

SHOWN. A 50 -FOOT BARE COPPER WIRE WILL SERVE AS AN ANTENNA TO LET

YOU TUNE IN ON MOST LOCAL STATIONS BY ADJUSTING THE TUNING, CONDENSER.

HEAVIER COPPER INSULATED WIRE
EMPTY ROUND "OATMEAL" BOX
GERMANIUM DIODE CRYSTAL
EARPHONES

t
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OBSERVATIONS:
1. WHY IS AN ANTENNA COIL NEEDED?

/39-

2. WHAT IS THE PURPOSE OF THE TUNING CONDENSER? i

3. WHAT PART OF THE RADIO WAVE DOES THE GERMANIUM CRYSTAL SEPARATE OUT?

4. ON WHAT KIND OF CURRENT DOES THE EARPHONE OPERATE?

5. WHAT IS THE SOURCE OF ENERGY WHICH OPERATES THIS RADIO RECEIVER?

INTERPRETATION
THE FOLLOWING STATEMENTS DESCRIBE TH.'. OPERATION OF A CRYSTAL. DIODE

RECEIVER. COMPLETE EACH STATEMENT BY WRITING THE CORRECT WORD IN

THE SPACE AT 'THE RIGHT.
1.

1. THE SENDING STATION SENDS OUT MODULATED RADIO

WAVES WHICH CARRY A PATTERN.

/

2. THE RADIO WAVES WHICH FOLLOW THE CURVATURE OF

THE EARTH ARE CALLED WAVES.

3. THE RECEIVING . PICKS UP THE

RADIO SIGNALS MOVING THROUGH SPACE.
. .

4. THE ANTENNA COIL QETERMINES THE
OF THE RADIO WAVES THAT CAN BE RECEIVED.

5. THE CONDENSER SEPARATES THE

SIGNALS FROM DIFFERENT STATIONS.
S

6. THE CHANGES THE INCOMING
ALTERNATING SIGNAL INTO DIRECT CURRENT.

7. THE IN THE EARPHONE VIBRATES
TO PRODUCE THE SOUNDS YOU CAN HEAR.

APPLICATION:

1. ALTHOUGH THIS CRYSTAL RECEIVER OPERATES WITHOUT BATTERIES, WHY
DO TRANSISTOR RECEIVERS, WHICH ALSO USE SEMICONDUCTOR CRYSTALS,

NEED A SMALL BATTERY TO OPERATE?

2. TODAY WITH OUR WORLD WIDE SYSTEMS OF COMMUNICATION THERE IS A

GREAT NEED FOR SPECIALISTS IN RADIOS, TELEGRAPH, RADAR, TELE-

VISION, AND NAVIGATIONAL AIDS. WHAT OTHER RELATED CAREERS CAN

YOU THINK OF THAT WOULD NEED TO UNDERSTAND BASIC CONCEPTS IN

RADIO?

204 /
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c.

PHYSICS - ENERGY - HEAT

ARCH;TECTS
PHYSICAL CHEMIST
ENGINEERING TECHNICIAN
GEOLOGIST
MERCHANT MARINE
PHARMACIST
PHYSICIST
TEACHER SECONDARY- COLLEGE
VETERINARIAN
RADIOLOGIST
FIREMAN
PLUMBER & PIPE FITTER
SHEET METAL WORKER
BRAKEMAN (TRAIN)
POWER PLANT OPERATOR
AGRIBUSINESS TECHNICIAN
FARMING
FISH CULTURE TECHNICIAN
LIVESTOCK PRODUCTION TECHNICIAN
SOIL CONSERVATIONIST
AIR 90NDITIONING & REFRIGERATION

MECHANICS
AUTO MECHANICS
FARM EQUIPMENT MECHANIC
INDUSTRIAL MAINTENANCE MECHANIC
INSTRUMENT REPAIRMAN
WATCH REPAIRMAN
LINEMAN
BOILER FIREMAN

83

ASTRONAUTS
DENTIST
ENGINEER
GEOPHYSICIST
METEOROLOGIST
PHYSICIAN
ELEMENTARY TEACHER
TECHNICAL WRITER
X -RAY TECHNICIAN

BUILDING CUSTODIAN
MACHINE TOOL OPERATORS
ROOFER
WELDER
APPRENTICE ENGINEER
STATIONARY ENGINEER
AGRICULTURAL EXTENSION AGENT
FISH & WILDLIFE TECHNICIAN
FORESTER
RANGE MANAGEMENT
SOIL SCIENTIST
AIRCRAFT MECHANICS*

DIESEL MECHANIC
FLIGHT ENGINEER
INSTRUMENT MAKER
TV & RADIO TECHNICIAN
INSULATION WORKER
ELECTROTYPER
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ENERGY: HEAT
LEVEL: JUNIOR HIGH.

ACTIVITY: EXPLORING HEAT INSULATION MATERIALS

MATERIALS:
ICE CUBES SAWDUST MEDICINEEDICINE CUPS

NEWSPAPER SHREDDED PAPER SALT

RAGS KARO SYRUP ALUMINUM FOIL

SAND SPONGE COOKING OIL

PENCIL SHAVINGS STYROFOAM TRAYS

PROCEDURE:

WHAT CAN YOU DO TO AN.ICE CUBE TO KEEP IT FROM MELTING? OME

THING, OF COURSE, WOULD BE TO LEAVE IT IN A FREEZER. BUT WHERE

CAN YOU PUT IT AT ROOM TEMPERATURE (ABOUT 70°F) TO MAKE IT MELT

MORE SLOWLY THAN USUAL? How CAN YOU BUILD A GOOD ICE -CUBE KEEPER?

HERE ARE SOME INVESTIGATIONS THAT WILL HELP YOU FIND A WAY.

FIRST OF ALL, HOW LONG DO YOU THINK IT USUALLY TAKES AN ICE

CU9E TO MELT? IF YOU PUT AN ICE CUBE !WA DISH, WOULD IT BE ALL
GONE IN 10 MINUTES, 30 MINUTES, OR AN HOUR? TRY IT. You MAY

BE SURPRISED.

TESTING INSULATORS

MATERIALS THAT HELP KEEP THINGS COLD (OR WARM) ARE CALLED INSU-

LATORS. MANY REFRIGERATOR WALLS CONTAIN FIBER GLASS, AN INSULATING
.MATERIAL MADE FROM THIN GLASS FIBERS. STYROFOAM, ANOTHER GOOD

INSULATOR) IS USED TO MAKE PICNIC ICE CHESTS. IT IS MADE BY PUMPING

A LOT OF AIR INTO A BATCH OF LIQUID PLASTIC BEFORE IT HARDENS.

BEFORE THERE WERE REFRIGERATORS, ICE WAS USED TO KEEP FOOD COLD

IN THE KITCHEN ICEBOX. BLOCKS OF ICE WERE CUT FROM LAKES IN THE
WINTER AND THEN PACKED WITH SAWDUST IN A THICK - WALLED ICE HOUSE.
THE SAWDUST WAS SUCH A GOOD INSULATOR THAT THE ICE COULD BE STORED

ALL SUMMER WITHOUT MELTING.

WHAT KIND OF INSULATION IS BEST TO USE IN AN ICE-CUBE KEEPER?
YOU CAN USE FIBER GLASS, STYROFOAM, NEWSPAPERS, RAGS, SAWDUST (FROM
A LUMBER YARD), OR SOMETHING ELSE. WHAT MATERIAL WILL KEEP AN ICE

CUBE LONGEST?

YOU CAN EXPERIMENT TO FIND OUT BY WRAPPING ICE CUBES IN DIFrERENT

INSULATORS. TRY TO USE THE SAME AMOUNT OF EACH MATERIAL. KEEP

A RECORD OF THE ICE -CUBE MELTING TIMES ON A CHART. CAN YOU FIND

AN INSULATOR THAT KEEPS AN ICE CUBE LONGER THAN SAWDUST? YOU CAN

USE THE BEST INSULATOR FOR THE ICE-CUBE KEEPER.

2;07
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INSULATOR ICE-CUBE MELTING TIME

NEWSPAPER

RAGS

SAND

PENCIL SHAVINGS

, 1

HOW AN INSULATOR WORKS

AN ICE CUBE MELTS AS IT IS WARMED BY AIR OR ANYTHING ELSE TOUCHING
IT. INSULATING MATERIALS HAVE TINY POCKETS OF AIR WITHIN THEM THAT
SEPARATE THE-ICECUBE FROM THE WARM ROOM AIR. THESE TINY POCKETS,
OR ttDEAD AIR SPACE, n SLOW DOWN THE MOVEMENT OF HEAT'FROM THE ROOM
AIR. TO THE ICE CUBE.

DOES SHREDDED PAPER INSULATE BETTER THAN AN UNCUT PIECE? RIP

UP ONE SHEET OF NEWSPAPER INTO LONG, THIN STRIPS. PUT THE STRIPS

AROUND AN ICE CUBE, AND SHAPE THEM INTO A LITTLE BALL. TAKE A SECOND

PIECE OF NEWSPAPER, AND WRAP IT TIGHTLY AROUND ANOTHER ICE CUBE.
YOU CAN TELL WHEN THE ICE IS MELTED BY SQUEEZING THE PAPER.

SHOULD THE INSULATION IN YOUR ICE-CUBE KEEPER BE PACKED TIGHTLY
OR LEFT LOOSE?

ARE LIQUIDS GOOD INSULATORS?

PUT AN ICE CUBE INTO A SMALL JAR OF KEROSENE OR KARO SYRUP.
DOES THE ICE TAKE LONGER TO MELT IN THE LIQUID THAN IT DOES IN THE
ROOM AIR? TRY OTHER LIQUIDS, AND SEE IF ANY OF THEM SLOW DOWN THE
MELTING OF AN ICE CUBE. DOES A CUBE MELT MORE SLOWLY IN A LARGE OR
SMALLER AMOUNT OF THE SAME LIQUID? WHAT HAPPENS TO THE MELT WATER?

1

WHICH ONE OF TWO ICE CUBES ONE RESTING ON A SPONGE, THE 01*R ON
A DISH) WOULD TAKE LONGER TO MELT? TRY THIS EXPERIMENT YOURSELF.

IN YOUR ICE -CUBE KEEPER, IS IT IMPORTANT TO kEEP THE ICE CUBE FROM

SITTING IN ITS MELT WATER?
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ENERGY: HEAT
LEVEL: JUNIOR HIGH

ACTIVITY: TODETERMINE IF MATERIALS RELEASE ENERGY WHEN THEY
REACT WITH OXYGEN AND TO DETERMINE IF DIFFERENT
MATERIALS PRODUCE DIFFERENT AMOUNTS OF HEAT ENERGY
WHEN THEY REACT WITH OXYGEN.

MATERIALS: TEST TUBE RING STAND MARSHMALLOW
CLAMP PAPER MATCH

SPLINT BURNER COTTON

PROCEDURE:

PLACE 10 ML OF WATER IN A TEST TUBE.
RECORD THE TEMPERATURE OF THE WATER.
BE SURE THAT THE TEST TUBE IS NOT POINTED TOWARD ANYONE.
IGNITE A WOODEN SPLINT AND QUICKLY HOLD IT WITH THE TONGS

UNDER THE TEST TUBE.
KEEP ADJUSTING THE SPLINT SO THAT THE FLAME IS UNDER THE

TUBE. AS IT STOPS BURNING: RECORD THE.TEMPERATURE
OF THE WATER. REPEAT THE PROCEDURE BUT THIS TIME
USE A STRIP OF PAPER OF THE SAME MASS AND APPROXIMATE
BHAFE AS THE WOODEN SPLINT. REPEAT THE EXPERIMENT
WITH EACH OF THE FOLLOWING:

A SMALL MARSHMALLOW
A MATCH
COTTON

RESULTS:

PREPARE A TABLE FOR YOUR DATA. RECORD YOUR OBSERVATIONS.

DISCUSSION OF RESULTS:

1. DID ALL THE BURNING MATERIALS PRODUCE THE SAME INCREASE

IN WATER TEMPERATURE? IF NOT WHICH ONE PRODUCED THE

LEAST? THE MOST? RANK ORDER THE MATERIALS ACCORDING
TO THEIR ABILITY TO PRODUCE A CHANGE IN TEMPERATURE.

2. WHEN ANY ONE OF THE MATERIALS WAS BURNED, WAS HEAT
GIVEN OFF? WHAT IS YOUR EVIDENCE? IS IT DIRECT OR

INDIRECT EVIDENCE?

3. SINCE YOU WERE SIMPLY HEATING WATER IN A FLAME, WAS
THERE ANY MATTER BEING MOVED? IF SO, WHAT AND HOW.

4. A CALORIE IS THE AMOUNT OF HEAT WHICH RAISES 1 GRAM

OF WATER 1 DEGREE CENTIGRADE. HOW MANY CALORIES WERE

PRODUCED BY EACH OF THE MATERIALS? (1 ML OF WATER

HAS AN APPROXIMATE MASS OF 1 GRAM).
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ENERGY: HEAT
LEVEL: JUNIOR HIGH

ACTIVITY: RADIANT ENERGY

MATERIALS: LIGHTED LAMP GLASS SCREEN
REFLECTOR RADIOMETER
CLEAR GLASS BOTTLE FILLED WITH WATER

BACKGROUND:
Yokr HAVE LEARNED THAT'ENER-GY EXISTS IN DIFFERENT FORMS AND

CAN BE CHANGED FROM ONE FORM INTO ANOTHER. RADIANT ENERGY WILL
CAUSE THE BLADES IN A RADIOMETER, WHICH ARE BLACK ON ONE SIDE AND
SHINY ON THE OTHER, TO SPIN. IS THE MECHANICAL ENERGY/OF THE
SPINNING BLADES PRODUCED BY THE LIGHT OR THE HEAT GIVEN OFF BY A
LAMP?

PROCEDURE :

THE RADIANT ENERGY FROM A LIGHTED LAMP IS FOCUSED BY MEANS OF
A REFLECTOR ON A RADIOMETER, WHEN A PIECE OF CLEAR GLASS IS PLACED
BETWEEN THE LAMP AND.THE RADIOMETER, THE BLADES CONTINUE SPIN.

HOWEVER, IF A CLEAR -GLASS BOTTLE FILLED WITH WATER IS ACED : ETWEEN

THE,LAMP AND THE RADIOMETER, THE BLADES SLOW AND STOP.

INTERPRETATION:
MARK EACH OF THE FOLLOWING STATEMENTS WHICH EXPLAIN WHAT HAPPENS

IN THE EXPERIMENT ACCORDING TO THE FOLLOWING KEY, WRITING THE LETTER
IN THE SPACE PROVIDED.

(A) AN OBSERVATION (SOMETHING- THAT IS TRUE BECAUSE IT-.CAN

BE SEEN OR MEASURED IN THE EXPERIMENT)
(B) AN ASSUMPTION (SOMETHING THAT IS PROBABLY TRUE ALTHOUGH

IT CANNOT BE SEEN OR MEASURED IN THE
EXPERIMENT)

(C) A CONCLUSION (SOMETHING THAT APPEARS TO BE TRUE AS A
RESULT OF WHAT IS LEARNED FROM THE EXPERI-
MENT

1. THE BLADES IN THE RADIOMETER ARE BLACK ON ONE SIDE AND SHINY ON
THE OTHER.

2. A BLACK SURFACE ABSORBS RADIANT ENERGY BETTER THAN A SHINY
SURFACE.

3. RADIANT ENERGY IS COMPOSED OF BOTH HEAT AND LIGHT ENERGY.

4. CLEAR GLASS ALLOWS BOTH LIGHT,AND HEAT ENERGY TO PASS THROUGH,.

\45. A CLEAR -GLASS BOTTLE FILLED WITH WATER ABSORBS THE HEAT ENERGY.



6. THE MECHANICAL ENERGY IN THE RADIOMETER IS PRODUCED BY THE
HEAT IN THE RADIANT ENERGY.

7. THE AIR NEXT TO THE BLACK SIDES OF THE BLADES IS HEATED BY THE
ABSORBED ENERGY.

8. THE AIR MOLECULES GAIN ENERGY AND MOVE AWAY FROM THE BLACK
SIDES OF THE BLADES, CAUSING THEM TO SPIN.

9. THE TOTAL AMOUNT OF ENERGY PRODUCED BY THE SPINNING' BLADES
IS THE SAME AS THE ABSORBED HEAT ENERGY.

10. ENERGY IS NOT CREATED OR DESTROYED IN ORDINARY CHANGES IN
FORM,

APPLICATION

THE INSIDE OF A PARKED AUTOMOBILE, WHEN IT STANDS IN THE SUN
WITH THE WINDOWS ROLLED UP, BECOMES WARMER THAN THE OUTSIDE TEMPER.,.

ATURE. EXPLAIN WHY THIS "GREENHOUSE EFFECT" TAKES PLACE.
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I.

__ENERGY: HEAT
LEVEL: HIGH SCHOOL

ACTIVITY: HEAT PRODUCED BY A CANDLE

PROBLEM:

WE HAVE LEARNED THAT AS A SUBSTANCE BURNS, HEAT ENERGY IS RELEASED.
THUS, THE AMOUNT OF THE SUBSTANCE BURNED DETERMINES THE AMOUNT OF
HEAT RELEASED. HOW MUCH HEAT IS PRODUCED WHEN ONE GRAM OF ORDINARY
CANDLE IS BURNED?

MATERIALS:
'CANDLE

CENTIGRADE THERMOMETER
WOOD BLOCKS

BEAKER

LARGE GLASS TUBE
SENSITIVE LABORATORY BALANCE

PROCEDURE:

WEIGH THE CANDLE CAREFULLY TO THE NEAREST 0.1 GRAM. POUR EXACTLY
1000 MILLILITERS OF WATER IN THE BEAKER. AND ARRANGE THE EQUIPMENT AS
SHOWN IN THE PICTURE. LET THE CANDLE BURN FOR FIVE MINUTES, AND NOTE
THE TEMPERATURE OF THE WATER AT THE BEGINNING AND AT THE END OF THE
EXPERIMENT. BLOW OUT THE FLAME, AND WEIGH THE CANDLE AGAIN. REPEAT
THE EXPERIMENT AT LEAST FIVE TIMES. ENTER THE RESULTS OF EACH TRIAL
IN THE TABLE BELOW, AND FIGURE OUT THE AVERAGE NUMBER OF CALORIES OF
HEAT PRODUCED BY ONE GRAM OF THE BURNING CANDLE.

A

OBSERVATIONS:

---' THERMOMETER

- - -- BEAKER

AIR SPACE

GLASS TUBE

BLOCK FOR VENTILATION

1

WEIGHT OF iWEIGHT OF ; Loss OF :

FINIALS 'CANDLE AT ; CANDLE AT WEIGHT I

BEGINNING : END I IN GRAMS
;

TEMP. OF
WATER AT

i BEGINNING

TEMP. OF
WATER AT

END

INCREASE

IN °C
TEMP.

1

.........i...

,
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INTERPRETATION

ACCORDING TO THE RESULTS OF THE INVESTIGATIONS COMPLETE EACH STATE-
MENT BY WRITING THE CORRECT WORD IN THE SPACE PROVIDED AT THE RIGHT.

1. THE AVERAGE INCREASE IN THE TEMPERATURE OF
THE WATER IN FIVE TRIALS WAS

2. THE NUMBER OF CALORIES OF HEAT PRODUCED IN
EACH TRIAL IS FOUND BY MULTIPLYING

0

3. THE AVERAGE NUMBER OF CALORIES OF HEAT PRO-
DUCED IN FIVE TRIALS WAS

4. THE AVERAGE NUMBER OF GRAMS OF CANDLE
BURNED IN FIVE TRIALS WAS

5. THE AVERAGE NUMBER OF CALORIES OF HEAT PRO-
DUCED BY ONE GRAM OF CANDLE BURNED WAS
ABOUT

APPLICATION

1. ON THE BASIS OF THE INVESTIGATION, WRITE OUT TH,E, WORD FORMULA
THAT CAN BE USED TO DETERMINE HOW MANY CALORIES OF HEAT ARE
PRODUCED BY A BURNING SUBSTANCE.

2. HAVE YOU EVER DIETED? HOW ARE THESE CALORIES RELATED TO WEIGHT

GAIN OR LOSS IN US?

3 WHAT KIND OF WORK WOULD YOU EXPECT A DIETICIAN TO DO?

airwit
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ENERGY: HEAT
LEVEL: HIGH SCHOOL

ACTIVITY: HEAT STORAGE

WE HAVE DEFINED A CALORIE AS THE AMOUNT OF ENERGY REQUIRED TO RAISE
THE TEMPERATURE OF 1 GRAM OF WATER 1°C. WATER CAN STORE HEAT ENERGY.
OTHER LIQUIDS, AS WELL AS METALS, CAN ALSO STORE HEAT ENERGY. BUT
DIFFERENT MATERIALS HAVE DIFFERENT CAPACITIES FOR HEAT STORAGE. THE
HEAT - STORING CAPACITY OF EQUAL WEIGHTS OF WATER AND A METAL WILL
BE COMPARED DURING THIS INVESTIGATION, BEFORE PERFORMING THE INVES-
TIGATION, PREDICT WHICH HAS THE GREATER HEAT - STORING CAPACITY- A
METAL OR WATER.

MATERIALS PER TEAM):
2 STYROFOAM CUPS" GRADUATED CYLINDER
BALANCE SENSITIVE TO 1 GRAM THREAD
METAL WEIGHT PYREX BEAKER
BURNER THERMOMETER

PROCEDURES:
A. LABEL THE STYROFOAM CUPS A AND B. POUR 40 ML OF TAP WATER INTO

EACH CUP.

B. USING THE BALANCE, DETERMINE THE WEIGHT OF THE METAL TO THE
NEAREST GRAM. TIE A 1O -INCH LENGTH OF THREAD TO THE METAL.
WEIGH OUT AN AMOUNT OF TAP WATER EQUAL TO ThE WEIGHT OF THE
METAL.

C. PLACE THE METAL OBJECT AND WATER FROM PROCEDURE B IN A BEAKER,
AND HEAT TO ABOUT 80°C. (ALLOW THE THREAD ATTACHED TO THE 4

METAL TO HANG OVER THE EDGE OF THE BEAKER.)
D. WHEN THE TEMPERATURE OF THE WATER HAS REACHED 8C^C, TRANSFER THE

METAL TO CUP A AND POUR THE HOT WATER INTO CUP B. STIR THE CON-
TENTS OF BOTH CUPS FOR ONE MINUTE. THEN RECORD THE WATER TEMP-
ERATURE IN EACH CUP.

14NTERPRETATIONS:

1. WHICH CONTAINS MORE HEAT ENERGY -METAL AT 80°C, OR AN EQUAL WEIGHT
OF WATER AT 80°C?

2. USING THE KINETIC THEORY OF HEAT AND WHAT YOU HAVE LEARNED ABOUT
THE STRUCTURE AND BEHAVIOR OF MATTER, EXPLAIN YOU ANSWER TO- INTER-
PRETATION 1,.

3. HOW WOULD KNOWING THE KINETIC THEORY OF HEAT BE USEFUL IN SOME
CAREERS? EXPLAIN.

4. HOW WOULD THIS INFORMATION BE HELPFUL TO A REFRIGERATOR REPAIR-
MAN? EXPLAIN.

via
Mir
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ENERGY: HEAT
LEVEL: HIGH SCHOOL

ACTIVITY: HEAT AND MOLECULAR ATTRACTION

MATERIALS: PER TEAM)
3 PIECES OF COTTON CLOTH (1 X 4 INCHES) RUBBER BANDS
20-ML DITTO FLUID (ALCOHOL) 2 BEAKERS

3 THERMOMETERS RING STAND AND CLAMPS

PROCEDURES:
A.,,SOAK ONE PIECE OF CLOTH IN THE DITTO FLUID; SOAK THE SECOND PIECE

IN WATER; AND LEAVE THE THIRD PIECE DRY.
B. REMOVE THE PIECE OF CLOTH FROM THE WATER, LET IT DRIP FOR ABOUT

30 SECONDS, AND WRAP IT AROUND THE BULB OF A THERMOMETER. REPEAT

WITH THE PIECE OF CLOTH FROM THE DITTO FLUID, USING THE SECOND
THERMOMETER. WRAP THE DRY CLOTH AROUND THE THIRD THERMOMETER.
FASTEN EACH CLOTH WITH A STRING OR A RUBBER BAND.

C. MOUNT THE THREE THERMOMETERS ON A RING STAND. READ AND RECORD
TEMPERATURES FROM EACH THERMOMETER ONCE PER MINUTE FOR FIVE

MINUTES.

INTERPRETATIONS:

1. USING THE KINETIC THEORY OF HEAT, EXPLAIN THE RESULTS OF THIS

EXPERIMENT.

2. WHAT INFORMATION DOES THIS EXPERIMENT YIELD ABOUT THE ATTRACTION
BETWEEN ALCOHOL MOLECULES AS COMPARED WITH THE' ATTRACTION BETWEEN

WATER MOLECULES?

3. WHAT CAREERS WOULD NEED TO KNOW HOW HEAT AFFECTS MOLECULAR

BEHAVIOR? LIST BELOW.

4. WHY WOULD A CEMENT CONTRACTOR BE INTERESTED IN HOW FAST HIS
CEMENT SET UP? A HOT DRY DAY WOULD HAVE A DIFFERENT EFFECT ON

HIS WORK THAN A HOT HUMID DAY. WHY?



ENERGY: HEAT

LEVEL: HIGH SCHOOL

rj

ACTIVITY: H AT OF FUSION (HOW MUCH HEAT IS REQUIRED TO MELT ONE
GRAM OF ICE?

A CHANGE OF S TE, SUCH AS A SOLID CHANGING TO A LIQUID OR VICE
VERSA, IS ALWA S ACCOMPANIED BY THE ABSORPTION OR.THE RELEASE OF
A QUANTITY OF EAT ENERGY. A GLASS OF WATER COOLED BY A PIECE OF
ICE NOT ONLY BE AUSErTfjE ICE IS COLD BUT ALSO BECAUSE HEAT IS
TAKEN FROM THE ATER A.. THE ICE MELTS.

PROCEDURE:
WEIGH THE EMPT CALORIMETER (INSIDE CAN). WEIGH IT AGAIN WHEN

IT IS ABOUT ONE -HAL FULL OF WARM WATER (ABOUT 30°C).
WIPE DRY A PIECE\OF ICE ABOUT THE SIZE OF A WALNUT. STIR THE

WARM WATER AND RECORD ITS EXACT TEMPERATURE. IMMEDIATELY DROP THE
PIECE OF ICE INTO THE WATER, STIR CONSTANTLY, AND IF THE TEMPERA-
TURE HAS NOT DROPPED TO ABOUT 10°C AFTER THE ICE HAS MELTED, ADD
ANOTHER SMALL PIECE OF ICE. REPEAT UNTIL A TEMPERATURE NEAR 10°C
HAS BEEN REACHED. AS SOON AS THE LAST PIECE OF ICE MELTS, STIR
THE WATER THOROUGHLY AND READ THE THERMOMETER.

WEIGH THE CALORIMETER AND WATER TO DETERMINE THE WEIGHT OF THE
ICE WHICH HAS BEEN MELTED.

1. WHAT SUBSTANCE (5) LOST HEAT?

2. WHAT IS THE TEMPERATURE OF ICE JUST AS IT IS MELTED?

3. THE MELTED ICE (ICE WATER) WAS HEATED TO WHAT TEMPERATURE?

4. THE HEAT LOST BY THE WARM WATER ACCOMPLISHED WHAT TWO THINGS?

MAKE4ALL THE CALCULATIONS REQUIRED IN THE DATA.

DATA

WEIGHT OF CALORIMETER
1

I G

WEIGHT OF CALORIMETER AND WATER ! G

WEIGHT OF WATER G

WATER EQUIVALENT OF CALORIMETER (0.1 X
WEIGHT OF' CALORIMETER) ! G

INITIAL TEMPERATURE OF WATER AND CALORIMETER i

Oc

TEMPERATURE OF WATER AND MELTED ICE I

Oc

WEIGHT' OF CALORIMETER, WATER, AND MELTED ICE G

WEIGHT OF ICE r G
J

CALCULATION OF HEAT LOSS

WEIGHT OF WATER PLUS WATER EQUIVALENT OF..

CALORIMETER G

CHANGE IN TEMPERATURE OF WATER AND CALORIMETER
Oc

.HEAT LOST BY WATER AND CALORIMETER CAL
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/ 1 ,

HEAT LOST BY THE WARM AND EQUALS

THE HEAT REQUIRED TO THE ICE PLUS THE HEAT RE
QUIRED TO RAISE THE TEMPERATURE OF THE ICE WATER FROM Oc

TO Oc.

CALCULATIONOF HEAT GAINED

WEIGHT OF ICE WATER

ICHANGE IN TEMPERATURE OF ICE WATER
G
IDt I

I HEAT ABSORBED BY THE ICE WATER IN WARMING

i
TO FINAL TEMPERATURE

i
r

CAL'

HEAT ABSORBED WHICH MUST HAVE MELTED THE ICE
to

CAL

WEIGHT OF ICE
I

G

HEAT USED TO MELT 1 G OF ICE (HEAT OF
FUSION OF ICE)

i

i

CAL

ACCEPTED VALUE CAL

PERCENTAGE OF ERROR
i

%

DISCUSSION:

1. EXPLAIN THE MEANING OF THE STATEMENT THAT THE HEAT OF FUSION OF

ICE IS 80 CAL

2. WHICH REQUIRES MORE HEAT TO RAISE TO A TEMPERATURE OF 20°C, 10
G OF ICE AT 0°C, OR 10 G OP ICE WATER AT 0°C7

3. WHICH WOULD BE MORE ErFECTIVE IN AN ICEBOX, ICE OR ICECOLD
BRICKS?
EXPLAIN.

AIMMEM.11

;

4. HOW MANY CALORIES OF HEAT WILL BE REQUIRED TO MELT 300 G OF ICE
AT 0°C AND TO HEAT THE ICE WATER FORMED TO 40°C?

ANS.

5. WHAT SOURCES OF ERROR ARE THERE IN YOUR DETERMINATION?

6. WHAT CAREERS WOULD FIND THIS INFORMATION USEFUL?

7. HOW WOULD AN ENGINEER USE THIS LAB? HOW ABOUT A HEATING TECHNICIAN?
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ENERGY: HEAT

LEVEL: HIGH SCHOOL

ACTIVITY: COEFFICIENT OF LINEAR EXPANSION (HOW CAN THE COEFFICIENT
OF LINEAR EXPANSION BE MEASURED?

NEARLY ALL SUBSTANCES EXPAND WITH RISE IN TEMPERATURE, THE AMOUNT
OF EXPANSION PER DEGREE DEPENDING UPON THE TYPE OF SUBSTANCE. THIS
RATE OF EXZANSION IN LENGTH IS KNOWN AS THE COEFFICIENT OF LINEAR
EXPANSION.

PROCEDURE:
THERE ARE MANY VARIETIES OF APPARATUS FOR FINDING THE COEFFI-

CIENT OF LINEAR EXPANSION, BUT MOST OF THE VARIATION OCCURS IN THE
DEVICE WHICH MEASURES THE CHANGE IN LENGTH OF THE ROD. THE DEVICE
SHOWN IN THE DIAGRAM CONSISTS OF A BENT LEVER ABC. AS THE ROD
EXPANDS, IT PUSHES AGAINST C AND RAISES A. THE MOVEMENT OF C IS
MULTyLIED AS MANY TIMES AS THE SHORT ARM IS CONTAINED IN THE LONG
ARM. MEASURE THE LEVER ARMS OF AB AND BC AND RECORD THEIR RATIO.
CALL THIS THE MULTIPLYING FACTOR OF THE LEVER.
1. WHAT IS MEANT BY THE COEFFICIENT OF LINEAR EXPANSION?.

1T CAN BE FOUND BY USE OF THE FORMULA,

K = E

L (T2 - T1 )

WHERE K IS THE COEFFICIENT OF EXPANSION, E IS THE AMOUNT OF EXPAN-
SION; L IS THE LENGTH AT THE BEGINNING, TIUS THE TEMPERATURE AT THE
BEGINNING, AND la IS THE FINAL TEMPERATURE;

FILL THE STEAM BOILER TWO- THIRDS FULL OF WATER AND HEAT OVER A
BURNER. WHILE IT IS HEATING, REMOVE THE METAL ROD AND MEASURE ITS
LENGTH. REPLACE THE METAL ROD AND RECORD THE READING OF THE POINTER
ON THE SCALE. INSERT THE THERMOMETER INTO THE STOPPER PROVIDED IN
THE APPARATUS AND READ THE INITIAL TEMPERATURE OF THE ROD. CONNECT
THE STEAM BOILER TO THE TUBE BY MEANS OF A RUBBER HOSE AND ALLOW
STEAM TO RUN THROUGH IT UNTIL THE POINTER SHOWS NO FURTHER CHANGE.

READ THE THERMOMETER AND THE POSITION OF THE POINTER OW.THE
VERTICAL SCALE.

2. FROM THE MOVEMENT OF A, HOW CAN YOU COMPUTE THE AMOUNT THE ROD
HAS EXPANDED?



DATA

LENGTH L'OF ROD CM

INITIAL READING OF POINTER CM

FINAL READING OF POINTER CM

MULT-I-PLYING FACTOR OF LEVER

TOTAL EXPANSION E CM

INITIAL TEMPERATURE T1 C

FINAL TEMPERATURE T2
.

DIFFERENCE IN TEMPERATURE I C

COEFFICIENT OF LINEAR EXPANSION PER
DEGREE CENTIGRADE

. . . .-.. ...

Discu6sioN:
I. WHAT ARE THE POSSIBLE SOURCES OF ERROR 0 THIS. EXPERIMENT?

2. HAW COULD THE MULTIPLYING FACTOR OF THC BENT LEVER BC INCREASED?

3. THE COEFFICIENT OF LINEAR EXPANSION OF COPPER IS, '0.0000168. How
MUCH, IN INCHES, WILL A WIRE 500 FT LONG EXPAND''IF ITS TEMPERATURE
CHANGES FROM 15°C TO 1100C?

ANS.

4. DID YOU KNOW THAT ASPHALT-COMPOSITION STRIPS ARE "INSERTED IN
CONCRETE HIWAYS TO ALLOW FOR EXPANSION AND CONTRACTION OF THE
CONCRETE CARRIED BY TEMPERATURE CHANGES? WHY WOULD A CONTRAC-
TOR NEED TO KNOW THIS?

5. LIST SOME OTHER CAREERS WHERE THIS INFORMATION WOULD BE HELPFUL.

111/1.
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CHEM ICAL ENERGY
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PHYSICAL CHEMIST
DENTIST
ENGINEER
PHARMACIST
PHYSICIST
TECHNICACWRITER
XRAY TECHNICIAN
AIRCRAFT MECHANIC
DIESEL MECHANIC
TRUCK DRIVER

PHYSICS - ENERGY - CHEMICAL

o
1

lq7

DENTAL HYGENIST
ENGINEERING TECHNICIAN
GEOPHYSICS
PHYSICIAN
TEACHER SECONDARYCOLLEGE
VETERINARIAN
RADIOLOGIST
AUTO MECHANIC
FAN EQUIPMENT MECHANIC
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CHEMICAL ENERGY

N

How MAy ELECTRICAL ENERGY BE CHANGED TO CHEMICAL ENERGY.

WE HAVE SEEN HOW CHEMICAL CHANGES CAN PRODUCE ELECTRICAL ENERGY,

CAN WE REVERSE THE PROCESS AND USE ELECTRICAL ENERGY TO PRODUCE CHEMI-

CAL CHANGES? WHAT USEFUL CHEMICAL CHANGES CAN WE BRING A6OuT?

EXPERIMENT 1: STEP 1. ASSEMBLE THE SIMPLE STORAGE CELL SHOWN IN THE

PICTURE. BEFORE CHARGING IT WITH THE DRY CELLS, CONNECT IT TO AN

ELECTRIC LIGHT BULB.

DOES THE BULB LIGHT? STEP 2. REMOVE THE BULB ANO CONNECT TWO DRY

CE1.1,3 TO THE STORAGE CELL AS SHOWN. AFTER THE CELL HAS BEEN CHARGING

FOR ABOUT 5 MINUTES, DISCONNECT THE DRY CELLS AND RETCONNECT THE 8148.

DOES THE BULB LIGHT? STEP 3. REMOVE THE p ATES FROM THE SOLUTION

AND NOTE THEIR COLORS. HOW DO THEY DIFFER.

THE syRFAce OF ONE Or THE TWO PLATES H EEN CHANGED INTO A NEW SUB-

STANCE, LEAD PEROXIDE. WAS THIS A PHYSICAL OR CHEMICAL CHANGE?

'CONCLUSIONS; BEFORE CHARGING, THE CELL COULQ NOT PRODUCE A CURRENT

Or ELECTRICITY BECAUSE THE PLATES WERE ' . AFTER CHARGING,

THE CELL COULD PRODUCE A CURRENT OF ELECTRICITY BECAUSE SUE PATES

WERE , AND ONE WAS ACTED UPON BY THE ACID.

HOW IS ELECTROPLATING DONE?

USING A COPPER- PLATING TANK SET UP,"CONNECT A CLEAN CARBON ROD TO THE

WIRE FROM THE NEGATIVE TERMINAL OF THE BATTERY. ATTACH THE WIRE FROM

THE POSITIVE TERMINAL TO THE COPPER PLATE. AFTER THE CURRENT HAS

FLOWED FOR ABOUT THREE MINUTES, REMOVE THE CARBON ROD AND EXAMINE IT.

OBSEAVATieNt ....

REPLACE'THe CARBON ROD AND REVERSE THE DIRECTION OF THE CURRENT

FOR SEVERAL MINUTES.

REsuLT,

THERE ARE MANY CAREERS THAT APPLY TO THESE ACTIVITIES. CAN YOU NAME

SEVERAL.



CHEMICAL ENERGY
LEVEL: HIGH SCHOOL

ACTIVITY: THE VOLTAIC CELL

PROBLEM:
WHAT MATERIALS ARE ESSENTIAL FOR A SIMPLE VOLTAIC CELL? WE ARE TO STUDY
THE CHEMICAL ACTION WHICH IS ESSENTIAL IN A PRIMARY CELL. ARE THERE
LIMITATIONS TO THE MATERIALS USED, OR CAN ANY METALS AND ANY SOLUTION BE
USED?

MATERIALS:
BATTERY JAR OR LARGE GLASS TUMBLER
PORCELAIN ELECTRODE HOLDER
0c VOLTMETER (0 -3 VOLT RANGE)
ELECTRODES OF COPPER, COMMERCIAL ZINC,
ZINC AMALGAM, CARBON, LEAD AND
ALUMINUM

PROCEDURE:

A. CHEMICAL ACTION IN THE CELL

COPPER CONNECTING WIRE
SOLUTIONS OF SULFURIC ACID,
HYDROCHLORIC ACID, SODIUM
CHLORIDE AND SODIUM CARBONATE

FILL A TUMBLER ABOUT TWOTHIRDS PULL OF SULFURIC ACID. (DO NOT
SPILL THE ACID ON YOUR HANDS OR CLOTHING.) DIP A STRIP OF COPPER
INTO THE ACID.

1. IS THERE EVIDENCE OF CHEMICAL ACTION?

REMOVE THE COPPER AND IMMERSE THE COMMERCIAL ZINC,

2, WHAT DO YOU OBSERVE?

3 WHtCH METAL IS APPARENTLY ACTED UPON TO A GREATER DEGREE BY
THE ACID?

111111111.1111+."...

COMMERCIAL ZINC CONTAINS MANY IMPURITIES, SUCH AS IRON AND CARBON.
WHEN THE ZINC IS PLACED IN ACID, THERE ARE SET UP SMALL CURRENTS
BETWEEN THESE IMPURITIES AND THE ZINC. THE ZINC 13 THUS CONSUMED
EVEN WHEN THE CELL IS NOT IN USE. THIS DEFECT OF ,THE CELL IS
CALLED LOCAL ACTION.

REMOVE THE COMMERCIALZINC STRIP FROM THE ACID AND IMMERSE AN
AMALGAMATED ZINC STRIP (ZINC COVERED WITH MERCURY), HANDLE THIS
STRIP CAREFULLY, BECAUSE IT BREAKS EASILY.

4. HOw DOES THE ACTION COMPARE WITH THAT OF THE COMMERCIAL ZINC?

PLACE THE AMALGAMATED ZINC AND THE COPPER STRIPS IN THE ACID.
Do NOT LET THEM TOUCH. CONNECT THE OUTER ENDS OF THE STRJPS 'Oft
GETHER BY MEANS OF A SHORT COPPER WIRE. WATCH. THE ACTION IN

THE CELL.



/9'76`
5. WHAT DO YOU OBSERVE?

THE CHEMICAL ACTION IN THE CELL HAS DEVELOPED AN ELECTROMOTIVE
FORCE, OR DIFFERENCE IN POTENTIAL, BETWEEN THE TWO METAL STRIPS,_
IT IS THIS POTENTIAL DIFFERENCE WHICH CAUSES A CURRENT TO FLOW
THROUGH A CONDUCTOR CONNECTED TO THE TWO METALS.

S. FACTORS DETERMINING THE NATURE OF THE EMF

REMOVE THE SHORT WIRE CONNECTING THE TWO PLATES AND DISLODGE
ANY BUBBLES ON THE PLATES. CONNECT THE PLATES TO A VOLTMETER,
CONNECTING THE COPPER PLATE TO THE POSITIVE TERMINAL AND THE
ZINC TO THE NEGATIVE TERMINAL OF THE VOLTMETER. READ THE EMF
WHEN THE PLATES ARE INSERTED ABOUT 6 CM IN THE ACID. RAISE
THE PLATES UNTIL ABOUT 3 CM REMAINS IN THE ACID. READ THE
VOLTMETER. FINALLY, RECORD THE EMT. WHEN ABOUT 1 CM OF THE
PLATES IS IN THE ACID.

6. HOW $S THE EMT. AFFECTED BY THE AREA OF THE PLATE EXPOSED
TO THE ACIO?

INSERT THE PLATES FULL LENGTH AGAIN AND READ THE VOLTMETER WHEN
THEY ARE SEPARATED AS FAR AS THE TUMBLER ALLOWS. MOVE THEM
UNTIL THEY ARE ABOUT 1 CM APART AND RECORD THE EMF.

7. WHAT EFFECT ON THE EMF HAS THE DISTANCE BETWEEN THE
PLATES?

USING ZINC AND COPPER P.ATES, RECORD THE EMF WHEN THE ACID IS
REPLACED BY DIFFERENT LIQUIDS, SUCH AS SALT SOUUTION, HYDRO..1
CH6ORIDE ACID, SODIUM CARBONATE SOLUTION, AND TAP WAVER. RINSE
THE TUMBLER AND THE PLATES EACH TIME BEFORE USING A DIFFERENT
LIQUID.

8. WHICH SOLUTION GIVES THE GREATEST EMF?

USE THE FOLLOWING COMBINATIONS OF ELECTRODES IN SULFURIC ACID
AND RECORD THE EMF FOR EACH PAIR: COPPERZINC, COPPER+CARBONs'
ALUMINUMZINC, ALUMINUMLEAD, LEADCOPPER. CARE MUST BE TAKEN
TO HAVE THE POSITIVE STRIP CONNECTED TO THE POSITIVE TERMINAL
uF THE VOLTMETER. IF THE NEEDLE IS DEFLECTED IN THE OPPOSITE
DIRECTION, DISCONNECT AT ONCE AND REVERSE THE CONNECTIONS. RE
CORD THE POSITIVE AND NEGATIVE ELECTRODE FOR EACH COMBINATION.
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DATA

POSITION OF; PLATES; EMF NoLTs ELECTROLYTES EMF (VOLTS)

IMMERSED 6 CM SALT

IMMERSED 3 cm HYDROCHLORIC ACID

IMMERSED 1 CM SODIUM CARBONATE

SEPARATED TAP WATER

CLOSE

ELECTRODES

TRIAL POSITIVE METAL NEGATIVE METAL EMF (VOLTS)

1

2

3

5

A DISCUSSIO4

1. WHAT ARE THE ESSENTIAL REQUIREMENTS FOR ANY CELL?

2. WHAT IS MEANT by THE ELECTROMOTIVE FORCE or A CELL?

3. SUMMARIZE IN A STATEMENT THE FACTORS THAT AFFECT THE SIZE OF THE

EMF OF A CELL?

4. WHICH WILL G1VC A HIGHER EMF, A LARGE DRY CELL OR A SMALL FLASHLIGHT

CELL?

ki
5. WHAT CAREERS WOULD NEED TO KNOW HOW A BATTERY

6. THERE ARC MANY OTHER EXAMPLES OF SPECIAL BATTERIES. CAN YOU RECALL

THEM AND THEIR SPECLFIC U4ES_DDAY?
ry:ICZ
AwA.66.



CHEMICAL ENERGY )

LEVEL: HIGH SCHOOL
ACTIVITY: REFINING OIL

PROBLEM:
PETROLEUM OIL IS A SOURCE OF\MANY USEFUL CHEMICAL COMPOUNDS FOR THE
HOME, AGRICULTURE, AND INDUSTRY. HOW ARE THE VARIOUS SUBSTANCES NEEDED
TO PREPARE THESE COMPOUNDS SEPARATED FROM THE CRUDE OIL?

MATERIALS:
TWO ONE -INCH PYREX TEST TUBES RING STAND AND CLAMPS
STOPPERS MINERAL OIL
BEAKERS FINE STEEL WOOL
TWO BUNSEN BURNERS SMALL DISH
GLASS TUBING

PROCEDURE:

POUR A SMALL QUANTITY OF MINERAL OIL IN ONE TEST TUBE AND PACK SOME STEEL
WOOL LOOSELY INTO THE TUBE ABOVE THE OIL BUT NOT TOUCHING THE LIQUID.
ARRANGE THE EQUIPMENTS AS SHOWN IN FIG. 2+3. (CAUTION: THE OUTLET TUBE

SHOULD EMPTY INTO A BEAKER PLACED AWAY FROM THE FLAMES.) PLACE ONE BURN-
ER UNDER THE TUBE CONTAINING THE OIL AND HEAT WITH A SMALL FLAME. ALSO

HEAT THE STEEL WOOL IN THE TUBE BY MOVING THE OTHER BURNER UP AND DOWN
ALONG THE SIDE OF THE TUBE. GRADUALLY INCP.EASE THE HEAT OF BOTH BURNERS

UNTIL THE OIL BEGINS TO BOIL. KEEP ON HEATING UNTIL A LIQUID BEGINS TO
DRIP OUT OF THE OUTLET TUBE INTO THE RECEIVING BEAKER.
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. OBSERVATIONS

1. WHAT IS GIVEN OFF WHEN THE OIL BEGINS TO BOIL?

2. WHAT HAPPENS TO THIS SUBSTANCE?

Alwwwwin

3. WHAT IS DEPOSITED IN THE BEAKER?

4. DESCRIBE THE SMELL OF THIS SUBSTANCE

5. PLACE A FEW DROPS IN A DISH AND TRY TO LIGHT THELIOUID.

WILL IT BURN?

6t)

INTERPRETATION

FILL IN THE BLANK WORDS IN THE FOLLOWING PARAGRAPH
SPACES TO THE RIGHT.

IN THE NUMBERED.

THE THICK, CRUDE OIL OBTAINED FROM THE 1

GROUND IS KNOWN AS (1). THIS OIL MUST BE (2)
IN ORDER TO OBTAIN THE USEFUL PRODUCTS. THIS IS 2

USUALLY DONE BY (3) THE OIL TO A HIGH TEMPERATURE.
THE STEEL WOOL IN THE EXPERIMENT HELPED CHANGE THE 3

(4) GIVEN OFF INTO A SIMPLE FORM OF (5). IN ADPI
1111,-

TION TO FUELS, OTHER USEFUL PRODUCTS OBTAINED FROM 4.

PETROLEUM INCLUDE (Op (7), (8)1 (9), AND (10).

5

6 7.

8 9

10

APPLICATION

1. EXPLAIN HOW VARIOUS LIQUID PRODUCTS ARE OBTAINED FROM PETROLEUM BY
FRACTION DISTILLATION.

2. WHAT CAREERS WOULD FIND THIS ACTIVITY USEFUL? LIST.

__2311111
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CHEMICAL ENERGY
LEVEL: HIGH SCHOOL

ACTIVITY: How A2E-OTHER HOT GASES USED TO TRANSFER ENERGY?

PROBLEM:
STEAM ENGINES ARE LARGE AND HEAVY. BESIDES, TREY NEED A rURNACE, t
BOILER, AND A SUPPLY OF WATER TO PROVIDE THE STEAM WHICIS OPERATES
THEM. THINK Or THE SAVING IN SPACE AND WEIGHT IF WE COULD PRODUCE A
MOT GAS RIGHT INSIDE THE ENGINE CYLINDER! THAT IS JUST WHAT WE DO IN
GASOLINE, DIESEL AND JET PROPULSION ENGINES.

A. How Do GASOLINE AND DIESEL ENGINES OPERATE?

SET UP THE APPARATUS AS SHOWN IN THE DIAGRAM/SEL0w,
ADD GASOLINE OR PETROLEUM EMIR 1 DROP AT A TIME,
MIND DIFFERENT AMOUNTS FROM 1 TO 15 DROPS. BE

SURE TO ALLOW THE FUEL TO EVAPORATE 'croak YOU
CLOSE THE BATTERY CIRCUIT.

..-,
tAv4141R
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1. (A) THE SHARPEST EXPLOSION TOOK PLACE WITH DROPS.

(e) MIEN WC USED DROPS OR MORE, THERE WAS NO EXPLOSION

BECAUSE THERE los TOO MUCH

ENOUGH

(c) Twc IRON PIPE CORRESPONDS TO THE

Or THE EallfsABD_THE RUBBER STOPPER TO THE

228
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STUDY THE DIAGRAM OF THE GASOLINE ENGINE. --1;2764)
7.1

2. (A) WHAT PART OF THE GASOLINE ENGINE (NOT SHOWN IN THE DIAGRAM)
MEASURES AND MIXES THE FUEL AND AIR MIXTURE?

(8) WHICH VALVE IS CtiCoSED DURING THE INTAKE STROKE?

(C) WHICH VALVE IS CLOSED DURING THE EXHAUST STROKE?

(D) DURING WHICH STROKES ARE BOTH VALVES CLOSED?
AND

3. (A) DURING THE COMPRESSION STROKE, THE PISTON MOVES UP DOWN.

( 8 )

(8) DURING THE IGNITION OR "POWER" STROKE, THE PISTON MOVES
UPDOWN.

(C) DURING WHICH STROKE IS POWER DELIVERED -BY THE ENGINE?

4. WHY IS A HEAVY FLYWHEEL NEEDED WITH THIS TYPE OF ENGINE?

5. (A) How IS THE FUEL IGNITED IN A DIESEL ENGINE?

(8) IN WHICH ENGINE, GASOLINE OR DIESEL, IS THE COMPRESSION GREATER?

(C) WHICH ENGINES THEREFORE, MUST HAVE THICKER AND HEAVIER CYLINDER
WALLS?

(D) WHAT FUEL IS USUALLY BURNED BY THE DIESEL ENGINE?

(E) How DO THE STROKES OF THE DIESEL ENGINE COMPARE WITH THOSE OF
THE GASOLINE.ENGINE?

(F) GIVE ONE DISADVANTAGE OF A DIESEL ENGINE.

(G) NAME TWO KINDS OF TRANSPORTATION IN WHICH DIESEL ENGINES ARE
WIDELY USED.

(1)

(2)

WHAT CAREERS DOES THIS ACTIVITY RELATE TOO?

cintdVar neitve 4.4ark Mu;
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NUCLEAR ENERGY
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PHYSICAL CHEMIST
ENGINEERING TECHNICIAN
GEOLOGIST
MERCHANT MARINE
PHYSICIST
TECHNICAL WRITER
XRAY TECHNICIAN

1

PHYSICS - ENERGY - NUCLEAR -

DENTIST
ENGINEER
GEOPHYSICIST
PHARMACIST
TEACHER SECONDARY-COLLEGE
VETERINARIAN
RADIOLOGIST
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NUCLEAR ENERGY
LEVEL: HIGH SCHOOL

ACTIVITY: GC MAD WITH POWER

WHEN A CAR IS PUSHED' DOWN THE STREET, FORCE ACTS OVER A DISTANCE,

AND WORK IS DONE. WORK CAN TAKE MANY FORMS, WE SPENT SOME TIME
LEARNING HOW SIMPLE MACHINES COULD MAKE WORK EASIER. WE FOUND THAT
DIFFERENT KINDS OF MATTER ACTING TOGETHER PRODUCE ENERGY. MOST OF
OUR ENGINES RUN BY BURNING FUEL WITH AIR.

ARE WE REALLY DIGGING DEEP ENOUGH? THE ENERGY WE HAVE TALKED ABOUT
SO FAR COMES FROM CHEMICAL REACTIONS. ATOMS FORM NEW COMBINATIONS
IN CHEMICAL REACTIONS. BUT CHEMICAL REACTIONS ARE NOT ENOUGH TO
ACCOUNT FOR ALL THE ENERGY THAY IS PRODUCED IN OUR UNI ERSE.

PROCEDURES:
A. A PICTURE OF HEAT?

1. IF CHEMICAL ENERGY ISN'T ENOUGH, WHERE COULD THE REST COME
FROM?

LET'S USE A PIECE OF EQUIPMENT MOST PEOPLE HAVE SEEN AROUND A
LONG TIME: A PIECE OF PHOTOGRAPHIC FILM, 4 X 5 IN A BLACK ENVELOPE.

2. WHAT FORM OF ENERGY IS USUALLY USED WITH FILM?

LET'S TEST TO SEE IF THE FILM REACTS WITH OAR FORMS OF ENERGY.

USE A PIECE OF CHALK TO MARK OFF TWO. AREAS ON THE FILM WRAPPER.
TAPE THE RADIOACTIVE SPECIMEN TO A SPOT ON ONE SIDE OF THE CHALK

LINE. LEAVE IT THERE OVERNIGHT OR LONGER.

WHEN YOU REMOVE THE SPEC/MEN, USE THE OTHER PART OF THE FILM
TO TEST WITH HEAT. USE A FLAME TO HEAT THE HEAD OF A 5INCH SPIKE
HOT ENOUGH TO MAKE A BROWN MARK ON THIN CARDBOARD WITHOUT MAKING
VERY MUCH SMOKE, PUT A PIECE OF CARDBOARD OVER THE UNUSED HALF OF
YOUR FILM PACK. PRESS THE HOT SPIKE'S HEAD DOWN ONTO THE CARDBOARDS
WITH THE FILM PACK UNDERNEATH. HOLD IT THERE ABOUT 10 15 SECONDS,
LONG ENOUGH TO MAKE A BROWN MARK ON THE CARDBOARD.

AT ALL TIMES, HANDLE THAT HOT SPIKE WITH CARE! IT STAYS HOT

QUITE SOME TIME,

NOW DEVELOP YOUR FILM PACK ACCORDING TO THE DIRECTIONS GIVEN
IN CLASS.

3. WHAT DO YOU SEE?

4. HOW DID HEAT ENERGY AFFECT THE FILM?

5. HOW DID ENERGY FROM THE RADIOACTIVE SPECIMEN AFFECT THE FILM?

231 r'-`1..._
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NUCL R ENERGY
LEVEL: HIGH SCHOOL

ACTIVITY: 'INTENSITY OF RADIAT ONS

\\*..)

PROBLEM:
ALlyRADIOACTIVE SUBSTANCES G1V OFF RADIATIONS WHICH TRAVEL FROM

THE SOURCE IN ALL DIRECTIONS. WHAT HAPPENS TO THE INTENSITY OF THE

RADIATIONS AS THEY MOVE AWAY FROM THE SOURCE? A-

INVESTIGATIONS
AN ELECTROSCOPE, WHICH DETECTS RADIATION BY DISCHARGING THE

ELECTRIC CHARGE IN ITS LEAVES, IS PLACED AT VARIOUS DISTANCES FROM
A PIECE OF RADIOACTIVE MATERIAL SUSPENDED. THE TIME IT TAKES FOR
THE FULLY CHARGED ELECTROSCOPE TO DISCHARGE AT EACH DISTANCE IS

MEASURED WITH A TIMER OR WATCH. THE TIMES AND DISTANCES CAN BE

SHOWN IN A CHART LIKE THE ONE BELOW.

E

N

N

U

S

5

10

15

20

25

3o

35

4o

DISTANCE IN CENTIMETERS)

INTERPRETATION:
FILL IN THE BLANK WORDS IN THE FOLLOWING PARAGRAPH IN THE NUMBERED

SPACES AT THE RIGHT.

RADIATIONS PRODUCED BY A RADIOACTIVE SUBSTANCE 1.
ARE OF THREE TYPES. THE NEGATIVELY CHARGED PARTI

2
CLES ARE ELECTRONS AND ARE CALLED (.1). THE POSI-

TIVELY CHARGED PARTICLES ARE HELIUM NUCLEI AND ARE 3

CALLED (2). THE THIRD TYPE OF RADIATION, SIMILAR 4
TO X RAYS, IS CALLED (3). AS THESE PARTICLES AND
RAYS TRAVEL THROUGH THE AIR, THEY CAUSE THE ATOMS 5

IN THE AIR TO LOSE OR GAIN (4) AND BECOME (5). 6...
THIS PROCESS, KNOWN AS (6), CAN BE DETECTED WITH
AN ELECTROSCOPE; AND THE RATE OF DISCHARGE IS AN
INDICATION OF THE (7) OF THE RADIATIONS. ACCORD- 8
ING TO THE CHART, THE FARTHER AWAY THE ELECTROSCOPE
IS FROR THE SOURCE, THE (8) THE RATE or DISCHARGE. ,

ON 232



S

THIS SHOWS US THAT AS THE DISTANCE FROM THE SOURCE 9

(9), THE INTENSITY OF THE RADIATIONS (10). 10

APPLICATION:

EXPLAIN WHY SCIENTISTS, STUDYING THE RESULTS OF ATOMIC BOMB
TESTS,PLACE AUTOMATIC RADIATION DETECTORS AT DIFFERENT DISTANCES
FROM THE CENTER OF THE EXPLOSION. .

4.
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PHYSICS - ENERGY - SOUND

ARCHITECTS
ASTRONOMER, RADIO
PHYSICAL CHEMIST
ENGINEER

GEOPHYSICIST
INDUSTRIAL TRAFFIC MANAGER
MERCHANT MARINE
PHARMACIST
PHYSICIST
AUDIOLOGIST
TEACHER SECONDARY COLLEGE
VETERINARIAN
RADIOLOGIST
INDUSTRIAL MAINTENANCE MECHANIC
APPLIANCE SERVICEMAN
WATCH REPAIRMAN
CENTRAL OFFICE CRAFTSMAN (TELEPHONE)
TELEPHONE REPAIRMAN

o 2_

ASTRONAUTS
DENTIST

ENGINEERING TECHNICIAN
GEOLOGIST
GROUND RADIO OPERATOR
INTERIOR DESIGN & DECORATION
MUSICIANS
PHYSICIAN
SINGERS & SINGING TEACHERS
SPEECH PATHOLOGIST
TECHNICAL WRITER
XRAY TECHNICIAN
FBI AGENT

INSTRUMENT MAKER
TV & RADIO TECHNICIAN
CARPENTER
TELEPHONE INSTALLER
BROADCAST TECHNICIAN



ENERGY (SOUND)
LEVEL: JUNIOR HIGH

ACTIVITY: ACTIVITIES WITH SOUND WAVES AND RESONANCE

MATERIALS: (PART 1) (PART 2).

TUNING FORKS 2 TUNING FORKS (SAME)

RESONATING BOXES RUBBER BAND

PING PONG BALL MALLET

THREAD
RUBBER MALLET___,.

(PART 3)
TALL GRADUATED CYLINDER
TUNING FORK
SHEET OF PAPER

PROCEDURES: (PART 1)

1. THE PHENOMONEN OF RESONANCE CAN BE EASILY DEMONSTRATED BY
USING TWO TUNING FORKS OF THE SAME FREQUENCY MOUNTED ON

RESONATING BOXES. PLACE THE MOUNTED FORKS 2 FEET APART
SO THAT THE OPEN ENDS OF THE BOXES FACE EACH OTHER. SUS-

PEND A PING PONG BALI BY MEANS OF A THREAD AND PIECE OF
TAPE SO THAT IT RESTS'AGAINST THE TIP OF ONE OF THE FORKS.
WITH A RUBBER MALLET (UBBER STOPPER ON A PENCIL) STRIKE
THE OTHER FORK AND NOTE\WHAT HAPPENS TO THE PING PONG BALL.

WITH THE BALL REMOVED\STRIKE ONE FORK, STOP ITS VIBRA40

TION WITH YOUR HANDS AND LISTEN. THIS CAN BE REPEATED
WITH VARIOUS DISTANCES BETWEEN THE FORKS. ORDINARY UNMOUNTED
FORKS WILL WORK BUT MUST BE HELD CLOSE TO THE EAR TO HEAR

RESONANCE.

(PART 2)
2. USING THE SAME TWO FORKS A BEAT NOTE CAN BE PRODUCED.

SOUND BOTH FORKS AT THE SAME TIME BY STRIKING THEM. THERE

SHOULD BE A NOTE OF CONSTANT PITCH GRADUALLY DYING AWAY

IN INTENSITY. TIGHTLY WRAP A RUBBER BAND AROUND ONE PRONG
OF ONE FORK. SET BOTH TO VIBRATING AGAIN. LISTEN FOR

A RISE AND FALL IN THE INTENSITY OF THE SOUND. THE NUMBER

OF BEATS PER SECOND WILL GIVE THE DIFFERENCE IN THE FRE-
QUENCIES OF THE TWO FORKS. CHANGE THE LOCATION OR AMOUNT

OF WEIGHT ADDEP TO THE FORK. IS THERE A CHANGE IN THE BEAT

FREQUENCY?

(PART 3)
3. RESONANCE IN AIR COLUMNS CAN BE PRODUCED BY VIBRATING A

TUNING FORK OVER A TALL GRADUATED CYLINDER. THE EFFECTIVE

LENGTH OF THE AIR COLUMN CAN BE CHANGED BY ADDING OR
REMOVING WATER FROM THE CYLINDER. WITH A 250 CPS FORK

START WITH AN AIR COLUMN ABOUT 1 FOOT LONG AND ADD OR
SUBTRACT WATER A LITTLE AT A TIME UNTIL MAXIMUM RESONANCE

HAS BEEN OBTAINED. REPEAT USING A FORK OF HIGHER FREQUENCY.
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SHOULD THE AIR COLUMN BE SHORTER FOR RESONANCE WITH THIS
FORK? CLOSED TUBES RESONATE BEST AT 1/4 WAVE LENGTH.

OPEN TUBES MAY BE RESONATED IN THE SAME MANNER. CHANGE
THE EFFECTIVE LENGTH OF THE AIR COLUMN BY WRAPPING A SHEET
OF PAPER AROUND THE TUBE AND SLIDING IT IN OR OUT ON ONE
END. OPEN TUBES RESONATE BEST AT 1/2 WAVE LENGTH. HOW
LONG SHOULD AN OPEN TUBE BE TO RESONATE TO A FORK OF 250` cps?

0,'".",
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ENERGY - SOUND
LEVEL: HIGH SCHOOL

kk

I

ACTIVITY: IN WHAT WAYS DO SOUNDS DIFFER?

WE HAVE LITTLE DIFFICULTY IN REC("GNIZING A PERSON'S VOICE OR
DISTINGUISHING ONE MUSICAL INSTRUMENT FROM ANOTHER. WHAT CAUSES

SOUNDS TO DIFFER? WHY ARE SOME SOUNDS MORE PLEASING THAN OTHERS?

HOW ARE WE ABLE TO HEAR THEM?

A. WHAT ARE TWO CHARACTERISTICS OF A MUSICAL SOUND?

A. OBTAIN THREE TUNING FORKS OF DIFFERENT FREQUENCIES - -256,

384, AND 512. STRIKE ONE OF THE TUNING FORKS VERY GENTLY AND

NOTE THE LOUDNESS OF THE SOUND IT PRODUCES. STRIKE THE FORK

AGAIN, THIS TIME MUCH HARDER, AND NOTE ITS LOUDNESS.

1. HOW DOES THE SECOND SOUND DIFFER FROM THE FIRST ONE?

2. WHAT CAUSES THE DIFFERENCE THAT YOU OBSERVED?

B. SHARPLY STRIKE EACH TUNING FORK IN TURN ON A RUBBER PAD OR STOPPER
AND IMMEDIATELY PRESS ITS STEM AGAINST THE TABLE TOP AND NOTE THE

SOUND IT PRODUCES.
WHICH FORK PRODUCES THE SHRILLEST SOUND (HIGHEST PITCH)?

. WHICH FORK PRODUCES THE SOUND OF LOWEST PITCH?

5. How IS THE PITCH OF A SOUND RELATED TO THE FREQUENCY OR RATE OF

VIBRATION OF THE SOUNDING BODY?

C. BLOW OVER THE MOUTH OF AN EMPTY QUART BOTTLE AND NOTE THE PITCH
OF THE SOUND PRODUCED. POUR A GLASS OF WATER INTO THE BOTTLE

AND BLOW AGAIN. POUR MORE WATER INTO THE BOTTLE AND BLOW AGAIN.

6. LABEL "LOW PITCH" AND "HIGH PITCH" ON DIAGRAM A.

7. WHAT RELATION IS THERE BETWEEN PITCH AND THE LENGTH OF THE AIR

COLUMN?

D. PLUCK THE STRING OF A SONOMETER AND NOTE THE PITCH OF THE SOUND

PRODUCED. LOOSEN THE STRING, PLUCK ITS AND ONCE MORE NOTE THE

PITCH OF THE SOUND.

8. HOW DOES CHANGING THE TENSION (TIGHTNESS) OF A STRING CHANGE

THE PITCH OF THE SOUND PRODUCED?

E. SLIDE THE BRIDGE UNDER THE STRING TO THE MIDPOINT OF THE SONOMETER.

\144140.

PLUCK THE STRING AND NOTE THAT THE PITCH OF THE SOUND IS AN OCTAVE
HIGHER THAN THAT PRODUCED BY THE STRING VIBRATING AS A WHOLE.

-.- LABEL "LOW PITCH" AND "HIGH PITCH" ON DIAGRAM B.

10, (A) How DOES THE NUMBER OF VIBRATIONS PER SECOND (FREQUENCY) OF

THE HALF STRING COMPARE WITH THE NUMBER OF VIBRATIONS OF THE WHOLE

STRING?
(B) THE SOUND PRODUCED BY THE SHORT STRING IS SAID TO BE THE

OF THE SOUND PRODUCED BY THE LONG STRING.

11. CONSLUSIONS:
(A) THE LOUDNESS OF A SOUND DEPENDS UPON
(B) THE PITCH OF A SOUND DEPENDS UPON

II.
11111
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B. WHAT DISTINGUISHES A MUSICAL TONE FROM A NOISE?

.""ez",

4.

t "t _ .. ,
4 ' stizrAe4ii.lifilf::

----4_,.. ' ` "
I. ..,...... '. ' 6 ..:.t.,:: .. :.- -- .. i

............. ........ - ...... .... ....4.
i I

'1 I

.2 ....
i...-,

. ,. ..r...,/ ' .1 ft. ....=... .-.... ....... il
..... 6

1... '

A. FROM A HEIGHT OF ABOUT A FOOT, DROP SEVERAL SHEETS OF METAL ON
THE TAB E TOP. REPEAT, USING A RULER AND A BUNCH OF KEYS.

12. WOULD YOU DESCRIBE THESE SOUNDS AS MUSICAL OR SIMPLY AS
NOISE?

B. 08 ERVE THE SPACING OF THE HOLES IN THE SIREN DISK LIKE THAT
SHOWN IN THE DIAGRAM.

13. IN WHICH CIRCLE ARE THE HOLES SPACED UNEVENLY?

C. ROTATE THE DISK RAPIDLY AND BLOW A JET OF AIR ON EACH OF THE
CIRCLES IN TURN.

14. .f4) WHICH CIRCLES OF HOLES PRODUCE A MUSICAL SOUND?
B) WHICH CIRCLE OF HOLES PRODUCES A NOISY DISCORDANT
SOUND?

15, COMPLETE THE LABELING ON THE DIAGRAM.
16, CONCLUSION: THE CHIEF DIFFERENCE BETWEEN A NOISE AND A

MUSICAL SOUND IS

C. HOW DO WE DETECT SOUND?
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17. ON THE DIAGRAM LABEL: THE OUTER EAR, INNER EAR, EARDRUM, AUDI
TORY NERVE, EUSTACHIAN TUBE, AND SEMICIRCULAR CANALS.

18 WHAT EFFECT DO SOUND WAVES HAVE UPON THE EAR DRUM?

19. How DOES THE EAR DRUM TRANSMIT IMPRESSIONS TO THE INNER EAR?

20. WHAT CARRIES IMPRESSIONS FROM THE INNER EAR TO THE BRAIN?

21. WHERE ARE THE IMPRESSIONS CREATED BY SOUND WAVES INTERPRETED?

22. WHAT IS THE PURPOSE OF THE EUSTACHIAN TUBE?

RELATED QUESTIONS

1. WHAT CHARACTERISTIC OF A MUSICAL SOUND MAKES IT POSSIBLE FOR YOU
TO DISTINGUISH BETWEEN TWO NOTES OF THE SAME PITCH WHEN PLAYED
ON DIFFERENT INSTRUMENTS?

2. (A) How DOES A VIOLINIST PLAY NOTES OF DIFFERENT LOUDNESS?

(B) How DOES A VIOLINIST PRODUCE NOTES OF DIFFERENT PITCH FROM
THE SAME STRING?

(C) How DOES A VIOLINIST TUNE HIS INSTRUMENT?

3. THE AVERAGE SPEED OF SOUND CAN BE CONSIDERED AS 1100 FEET PER

SECOND. iF YOU SEE A FLASH OF LIGHTNING AND FOUR SECONDS
LATER HEAR THE THUNDER, THE LIGHTNING FLASH OCCURRED
FEET FROM YOU.

4. (A) WHAT CHARACTERISTIC OF SOUND ENABLES US TO DISTINGUISH A

SOUND FROM A RECORDING OF THE SAME SOUND?

(B) WHAT IS MEANT BY A STEREO RECORDING?

5. WHAT CAREERS WOULD BE RELATED TO THESE ACTIVITIES? LIST SEVERAL

YOU MIGHT BE INTERESTED IN.



ENERGY - *MD
LEVEL: HIGH SCHOOL

ACTIVITY: MEASURING THE VELOCITY OF SOUND BY PIPES

A WAVE MOTION CAN BE CLASSIFIED AS LONG UDINAL OR.TRANSVERSE
DEPENDING UPON THE MODE OF VIBRATION OF THE W VE. A WAVE IS SAID
TO BE TRANSVERSE WHENTHE PLANE OF VIBRATION 0 THE WAVES. IS AT

RIGHT ANGLES TO THE DIRECTION OF PROPAGATION. WAVE IS SAID TO BE
LONGITUDINAL WHEN THE PLANE OF VIBRATION IS PARAL EL.TO THE DIREC-
TION OF PROPAGATION. SOUND WAVES ARE LONGITUDINAL SINCE THE PLANE
OF VIBRATION IN SOUND IS PARALLEL TO THE DIRECTION F PROPAGATION.

IF THE NUMBER OF VIBRATIONS OF A SOUND PER UNIT F TIME IS
CALLED ITS FREQUENCY, AND IF TH,E DISTANCE A SOUND TRAVELS DURING THE
INTERVAL OF TIME EQUAL TO THE TIME FOR ONE VIBRATION IS CALLED THE
WAVELENGTH OF THE SOUND, THEN THE VELOCITY OF THE SOUND WOULD
EQUAL THE FREQUENCY TIMES THE WAVELENGTH. IF WE CAN MEASURE THE
WAVELENGTH AND THE FREQUENCY OF A SOUND THEN WE CAN CALCULATE ITS
VELOCITY BY MULTIPLYING THESE TWO QUANTITIES TOGETHER. STATING
THIS MATHEMATICALLY:

VELOCITY (V) = FREQUENCY (F) X WAVELENGTH (L)

WHEN A TUNING FORK IS STRUCK AND HELD OVER THE OPEN END OF A
PIPE CLOSED AT ONE END, AND THE LENGTH OF THE PIPE CHANGED WHILE THE
FORK IS HELD IN PLACE, A POINT WILL BE FOUND WHERE THE SOUND WILL
BECOME LOUDER. AS THE LENGTH OF THE PIPE IS INCREASED OR DECREASED
FROM THIS POINT THE LOUDNESS OF THE SOUND WILL DECREASE. AT THIS
POINT THE SOUND IS LOUDER BECAUSE THE SOUND WAVE IS REFLECTED FROM
THE CLOSED END' OF THE PIPE AND ARRIVES BACK AT THE TUNING FORK AT
JUST THE RIGHT TIME TO AID OR REINFORCE THE VIBRATION OF THE FORK.
THIS REINFORCEMENT WOULD OCCUR IF THE SOUND WOULD ARRIVE BACK JUST
AT THE POINT OR INSTANT THE FORK HAD COMPLETED ON -HALF VIBRATION AND
WAS ABOUT TO COMPLETE THE SECOND HALF OF THE VIBRATION. DURING THE
TIME THE FORK IS VIBRATING FOR ONE -PALF A VIBRATION, THE SOUND WILL
HAVE TRAVELLED A DISTANCE EQUAL TO ONE -HALF A WAVELENGTH. SINCE THE

SOUND HAS TO TRAVEL DOWN THE PIPE, BE REFLECTED FROM THE CLOSED
END OF THE PIPE, AND TRAVEL BACK UP TO THE TOP OF THE PIPE AGAIN,
THE LENGTH OF THE PIPE'MUST REPRESENT ONE -HALF THE DISTANCE THE . 6

SOUND WILL TRAVEL IN ONEHALF A VIBRATION. THE LENGTH OF THE AIR
COLUMN IN THE PIPE MUST THEN BE ONE-FOURTH THE WAVELENGTH OF THE .

SOUND PRODUCED BY THE FORK. THE LENGTH OF THE AIR COLUMN CAN BE
MEASURED VERY EASILY AND VERY ACCURATELY. IF THE FREQUENCY OF THE
FORK IS KNOWN THEN IT IS VERY EASY TO CALCULATE THE VELOCITY OF
SOUND IN AIR BY THE EQUATION:

V = FL

WHERE V = THE VELOCITY OF SOUND IN AIR; F = THE FREQUENCY OF THE
TUNING FORK USED TO PRODUCE THE SOUND; AND L = THE WAVELENGTH OF
THE SOUND THAT WAS PRODUCED. 4114
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PART 1
THE GRADUATE CYLINDERS WILL BE USED AS OUR PIPE, THE LENGTH OF

THE AIR COLUMN CAN BE VARIED BY POURING WATER INTO THE TUBE TO MAKE
IT SHORTER AND BY TAKING WATER OUT TO MAKE IT LONGER. STRIKE THE

TUNING FORK WITH THE RUBBER HAMMER AND HOLD IT OVER THE MOUTH OF

THE GLASS TUBE. ADD WATER SLOWLY AND LISTEN FOR A REINFORCEMENT
OF THE SOUND AS THE WATER IS POURED INTO THE TUBE. WHEN THE LENGTH

OF THE AIR COLUMN IS CORRECT FOR THE FREQUENCY OF THE FORK BEING USED,

YOU WILL HEAR A VERY LOUD AND NOTICEABLE REINFORCEMENT OF THE SOUND.
STOP POURING THE WATER WHEN YOU HEAR THIS REINFORCEMENT. MEASURE

THE DISTANCE FROM THE WATER TO THE TOP OF THE TUBE. ADD TO THIS

MEASUREMENT .4 TNE RADIUS OF THE TUBE AND YOU HAVE THE EFFECTIVE
LENGTH OF THE AIR COLUMN. THIS IS ONE - FOURTH THE WAVELENGTH OF
THE SOUND PRODUCED BY THE FORK. MULTIPLY THIS LENGTH BY FOUR TO
GET THE WAVELENGTH OF THE SOUND. READ THE FREQUENCY THAT IS STAMPED
ON THE FORK; THIS IS THE VALUE FOR "F" IN THE EQUATION ON THE PRE-
CEDING PAGE. SUBSTITUTING THESE VALUES FOR "F" AND "L" INTO THE

EQUATION CALCULATE THE VELOCITY OF SOUND AT ROOM TEMPERATURE.
REPEAT THE ABOVE USING TWO OTHER FORKS OF DIFFERENT FREQUENCIES.

TAKE AN AVERAGE OF THE VELOCITIES THAT YOU HAVE GOTTEN WITH THE
DIFFERENT FCRKS.

DATA AND CALCULATIONS

1 FORK 1 L FORK 2 4._ FORK 3

1. LENGTH OF AIR COLUMN I

r
i

2. RAOIUS OF TUBE A_
3. RADIUS OF TUBE X 0.4

4. SUM OF 1 AND 3

5. WAVE LENGTH
i

6. FREQUENCY OF FORK
I

7. AVERAGE OF THE 3 VELOCITIE\S AT Room TEMPERATURE

8. CORRECT VALUE OF V

APPLICATIONS:
1. DOES THE VELOCITY OF SOUND VARY WITH ALTITUDE?

2. WHY WOULD MUSICIANS BE CONCERNED WITH WAVELENGTHS OF SOUND?

3. THERE ARE SEVERAL OCCUPATIONS THAT WOULD NEED TO KNOW THE

NATURE OF WAVELENGTHS. NAME SEVERAL THAT YOU MIGHT BE

INTERESTED IN.
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ENERGY - SOUND'
LEVEL: HIGH SCHOOL

ACTIVITY: WAVES IN THE RIPPLE TANK PART 11

HOW ARE.WAVES REFRACTED?
WHEN WAVES MOVE FROM ONE MEDIUM INTO ANOTHER, THEIR SPEED USUALLY

CHANGES. IF THEY ENTER THE SECOND MEDIUM AT AN ANGLE OTHER THAN
900, THE WAVEFRONT WILL CHANGE DIRECTION. ACCORDING TO SNELL'S
LAW, THE RATIO SINE 91 WHERE Q IS THE ANGLE OF INCIDENCE AND

SINE

Gill IS THE ANGLE OF REFRACTION EQUALS A CONSTANT KNOWN AS THE INDEX
OF REFRACTION.
PROCEDURE:

SET UP A RIPPLE TANK AND FILL IT WITH WATER TO A DEPTH OF ABOUT
2 CM. BE CAREFUL THAT THE TANK IS LEVEL. PLACE A PIECE OF GLASS
ABOUT 30 BY 15 CM ON SUPPORTS SO THAT IT IS ABOUT 2 MM BELOW THE SUR-
FACE OF THE WATER.

PLACE A STRAIGHT -WAVE GENERATOR IN SUCH A WAY THAT IT CREATES
STRAIGHT WAVES WHICH MOVE TOWARD THE SHALLOW WATER OVER THE GLASS.
AS THE WAVES ENTER THE SHALLOW WATER, THEY MOVE MORE SLOWLY. THE
WAVELENGTH WILL BECOME SHORTER. IF THE WAVEFRONT ENTERS THE SHALLOW
WATER AT AN ANGLE, THE END WHICH ENTERS FIRST WILL BE SLOWED FIRST
AND THE WAVEFRONT WILL BE SO TURNED THAT IT BECOMES MORE NEARLY
PARALLEL TO THE EDGE OF THE SHALLOW WATER.

OBSERVE THE PATTERN THROUGH A STROBOSCOPE AND ADJUST THE SPEED
FOR A STATIONARY PATTERN.

1. DO THE WAVES IN THE DEEP AND SHALLOW WATER APPEAR STATIONARY
AT THE SAME STROBE SPEED?

2. WHAT DOES THIS TELL YOU ABOUT THE FREQUENCIES OF THE WAVE IN
DEEP AND SHALLOW WATER?

USING A RULER, DRAW A LINE ON THE PAPER TO SHOW THE EDGE OF THE
GLASS PLATE WHERE THE SHALLOW WATER BEGINS. NOW LAY THE RULER ON
THE PAPER IN SUCH A WAY THAT IT INTERSECTS THE LINE BETWEEN DEEP
AND SHALLOW WATER. ADJUST THE RULER UNTIL IT IS PARALLEL TO THE
INCIDENT WAVEFRONTS. DRAW A LINE FROM THE DEEP - SHALLOW LINE ALONG
THE WAVEFRONT.

NOW ADJUST THE RULER TO TOUCH THE POINT FORMED BY THE LINE YOU
JUST DREW AND THE DEEP - SHALLOW LINE. TURN IT UNTIL IT IS PARALLEL
TO THE WAVEFRONTS IN SHALLOW WATER. DRAW IN THIS LINE FROM THE
DEEP - SHALLOW LINE.

MEASURE THE ANGLE THE INCIDENT WAVEFRONT MAKES WITH TH: DEEP-
SHALLOW LINE. ENTER THIS IN THE DATA TABLE UNDER 91. t

MEASURE THE ANGLE THE WAVEFRONT IN SHALLOW WATER MAKES WITH THE
DEEP - SHALLOW LINE. ENTER THIS IN THE TABLE AS 92, ALSO MEASURE
AND RECORD THE WAVELENGTH IN BOTH DEEP AND SHALLOW WATER AND 'ME
FREQUENCY.

REPEAT THESE STEPS AFTER SO ADJUSTING THE GLASS THAT THE Ayr.-
FRONT MAKES AN ANGLE OF ABOUT 450 WITH THE DEEPSHALLOWLINE.
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MAKE A THIRD SET OF MEASUREMENTS WITH THE WAVEFRONTS HITTING THE
DEEP - SHALLOW LINE AT A VERY LARGE ANGLE.

FOR EACH SET OF DATA, COMPUTE THE RATIO OF SINE A1/SINE 92.
ACCORDING TO SNELLRS LAW, THE RATIO SHOULD BE A CONSTANT.

HC.' CLOSELY DOES YOUR DATA REMAIN CONSTANT?
CAN YOU SUGGEST SPECIFIC REASONS WHY YOUR DATA MIGHT NOT BE CON-
STANT?

IT CAN BE SHOWN BY GEOMETRIC PROOFS THAT THE RATIO OF SINE Q1/
SINE Q2 IS EQUAL TO THE RATIO OF V1/V2, WHERE V IS THE VELOCITY OF
THE WAVES.

COMPUTE THE VELOCITIES OF THE WAVES FROM THE EQUATION V = FA.
ENTER THEM IN YOUR TABLE AND COMPUTE THE RATIO V1/V2 FOR EACH CASE.

5. HOW CLOSELY DO THE RATIOS V1/V2 AGREE WITH THE RATIOS SINE
Q1 /SINE Q2 ?

6. WHICH OF THE RATIOS IS MORE NEARLY CONSTANT?

DATA
ANGLE PLATE MAKES WITH WAVEFRONT SMA.LL MEDIUM I LARGE

INCIDENT ANGLE Q1
L

REFRACTED ANGLE 92

SINE Al

SI1E e2

SINE p1 /SINE Q2
1

WAVELENGTH il

WAVELENGTH \ 2

FREQUENCY

VELOCITY V1
I

VELOCITY V2

VI/V2

DISCUSSION
1. AN INCIDENT WAVE MAKES AN ANGLE OF 300 WITH THE DEEP - SHALLOW LINE
IN DEEP WATER AND AN ANGLE OF 240 IN THE SHALLOW WATER. WHAT IS THE

CONSTANT SINE 91/SINEQ2. (THIS IS CALLED THE INDEX OF REFRACTIQN.)

2. THE INDEX OF REFRACTION FOR A GIVEN RIPPLE TANK SET UP IS 1.35.
IF THE SPEED OF THE WAVES IN SHALLOW WATER IS 18 CM/SEC, WHAT IS THEIR
SPEED IN DEEP WATER?

3. IF THE WAVELENGTH OF THE WAVES IN QUESTION 2 IS 3 CM IN THE DEEP
WATER, WHAT WILL BE THE WAVELENGTH IN THE SHALLOW WATER?
4. wny WOULD A SOUND ENGINEER OR AN ARCHITECT NEED TO ItE ACQUAINTED

WITH THIS ACTIVITY?
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ENERGY - SOUND
LEVEL: HIGH S::HOOL

ACTIVITY: WAVE FORMS

PROBLEM:

As A SUBSTANCE VIBRATES, WAVES ARE PRODUCED IN THE MEDIUM
SURROUNDING THE SUBSTANCE. SINCE AIR IS ORDINARILY AN INVISIBLE
SUBSTANCE, SOUND WAVES TRAVELING THROUGH IT CANNOT BE SEEN. HOW
CAN THE WAVES PRODUCED BY A VIBRATING OBJECT BE SHOWN?

1
MATERIALS:

CLEAR GLASS BAKING DISH, AT LEAST 12 TUNING FORK
INCHES IN LENGTH. WHITE CARDBOARD

\ DESK LAMP WOODEN BLOCKS

PROCEDURE:

PLACE THE GLASS DISH ON BLOCKS ABOUT 10 INCHES ABOVE A SHEET
OF WHITE CARDBOARDS BEING SURE THE DISH IS LEVEL. POUR NOT OVER
1/2 INCH OF WATER IN THE DISH. ARRANGE A DESK LAMP SO THAT IT
SHINES THROUGH THE WATER ONTO THE CARDBOARD, AS SHOWN IN PICTURE.
STRIKE THE PRONGS OF A TUNING FORK., AND PLACE THE PRONGS IN THE
WATER AT ONE END OF THE DISH. NOTE THE PATTERN OF WAVES SEEN ON
THE CARDBOARD.

OBSERVATIONS:
1. DESCRIBE THE APPEARANCE OF THE WAVES PRODUCED IN THE WATER.

2. WHAT PART OF A WAVE DO THE DARK BANOS_REPREsENT?

3. WHAT PART OF A WAVE DO THE LIGHT BANDS REPRESENT?
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1. WHAT HAPPENS WHEN THE WAVES HIT THE OPPOSITE SIDE OF THE DISH?

5. WHAT HAPPENS WHEN THE REFL CTED WAVES MEET THOSE THAT ARE MOVING
OUT FROM THE TUNING FORK?

INTERPRETATION:

FILL IN THE BLANK WORDS IN THE FOLLOWING PARAGRAPH IN THE NUMBERED
SPACES AT THE RIGHT.

SOUND WAVES ARE PRODUCED WHENEVER ANY FORM OF 1

MATTER (1). THE PART OF THE WAVE PRODUCED WHEN THE
2

MOLECULES OF AIR ARE PUSHED" TOGETHER IS THE (2) WAVE,
AND THE PART OF THE WAVE PRODUCED WHEN THE MOLECULES 3

ARE SPREAD APART IS THE (i) WAVE. THE WAVES MOVE 4

OUT FROM THE SOURCE IN (4). WHEN A SOUND WAVE
5

P

STRIKES A HARD OBJECT, -(5) AND- MA -y -BE HEARD AS

A (AN) (6). WHEN REFLECTED SOUND WAVES STRENGTHEN
THE ORIGINAL SOUNDS, THEY ARE SAID TO (7) THEM; AND
WHEN THEY WEAKEN THE ORIGINAL SOUNDS, THEY ARE SAID 8
TO (8). UNWANTED ECHOES MAY BE AVOIDED BY USING
(9) MATERIALS AND BY DESIGNING THE ROOM SO THAT RE- 9

FLECTIONS OF SOUND WAVES ARE (10). 10

APPLICATION:

EXPLAIN WHY THE SOUNDS YOU HEAR WHEN YOU ARE RIDING IN AN AUTO -
MOBILE SEEM DIFFERENT WHEN YOU ARE DRIVING ON AN OPEN HIGHWAY, ON
A NARROW STREET, OVER A BRIDGE, OR THROUGH A TUNNEL.

246





PHYSICS - MECHANICS

AIR TRAFFIC CONTROLLER
ARCHITECTS
ASTRONAUTS
RAILROAD CONDUCTOR
DRAFTSMAN
ENGINEERING TECHNICIAN
GEOLOGUST
INDUSTRIAL ENGINEER
PHARMACIST
PHYSICIST
ELEMENTARY TEACHER
TECHNICAL WRITER
X-RAY TECHNICIAN
AUTO PARTS MAN
FBI AGENT
POLICEMEN & WOMEN

STEWARDESSES
FISH & WILDLIFE TECHNICIAN
FORESTERY PRODUCT TECHNICIAN
LIVESTOCK PRODUCTION TECHNICIAN
SOIL CONSERVATIONIST
ELECTROPLATER
AIR CONDITIONING & REFRIGERATION

MECHANICS
AIRCRAFT MECHANICS
COMPOSING Room OPERATORS
FARM EQUIPMENT MECHANIC
INDUSTRIAL MAINTENANCE MECHANIC
MACHINE TOOL OPERATORS
PATTERN MAKER
PRODUCTION MACHINE OPERATOR
TOOL & DYE MAN
ASSEMBLER
FURNITURE UPHOLSTERERS
JEWELER REPAIR
WATCH REPAIRMAN
BRICK LAYER
CEMENT MASON
ELEVATOR REPAIRMAN
GLAZIER
OPERATING ENGINEER (CONSTRUCTION)
ROOFER

SIGNAL MAINTAINER
STRUCTURAL STEEL WORKER
WELDER
BOOKBINDER

BROADCAST TECHNICIAN
ELECTRIC TYPERS
TRUCK DRIVER (WAREHOUSE)
LOCOMOTIVE ENGINEER
METER MEN -WOMEN

PHOTO ENGRAVER
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FARM -CROP PRODUCTION TECHNICIAN
DAIRY PRODUCTION TECANICIAN
PHYSICAL CHEMIST
DENTIST
EDITOR
ENGINEER
GEOPHYSICISTS
MERCHANT MARINE
PHYSICIAN

PILOTS
TEACHER SECONDARY-COLLEGE
VETERINARIAN
RADIOLOGIST
AUTO SALESMAN
FIREMAN
SHOE REPAIR
FARMING
FISH CULTURE TECHNICIAN
LAB ANIMAL CARE TECHNICIAN
RANGE MANAGEMENT
SOIL SCIENTIST
MOULDER
MILLRIGHT

AUTO MECHANIC
'DIESEL MECHANIC
FLIGHT ENGINEER
INSTRUMENT MAKER
OFFICE MACHINE REPAIRMAN
PRINTING PRESSMAN
SETUP MAN
APPLIANCE SERVICEMAN
DENTAL LAB TECHNICIAN
JEWELERS
TV TECHNICIAN (RADIO)
BOILER MAKER
CARPENTER
CONSTRUCTION LABORER
FLOOR COVERING INSTALLER
LAY OUT MAN
PLUMBER & PIPE FITTER
SHEET METAL WORKER
STONE MASON
TELEPHONE REPAIRMAN
AIRPLANE\DISPATCHER
BRAKEMAN
BS DRIVERS
GASOLINE SERVICE STATION ATTENDANT
LITHOGRAPHIC OCCUPATION
APPRENTICE ENGINEER
PROJECTIONIST
POWER PLANT OPERATOR
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PHYSICS - MECHANICS

STATIONARY ENGINEER BOILER FIREMAN

STEVEDORE TAXI DRIVER

POWER DISPATCHER TRUCK DRIVER
LONG SHOREMAN
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PHYSICS (MECHANICS)
LEVEL: JUNIOR HIGH

ACTIVITY: How CAN PULLEYS HELP US DO A JOB?

MATERIALS: "C" CLAMP
METER STICK
SPRING BALANCE

PROCEDURES:

SINGLE PULLEY
STRING
100 GM WEIGHT

?r

A. ATTACH THE "C" CLAMP TOTHE EDGE OF A TABLE OR DESK. TIE

THE PULLEY TO THE "C" CLAMP. ATTACH ONE END OF THE CORD

TO THE 1CO GRAM WEIGHT AND RUN THE OTHER END THROUGH THE

PULLEY. TIE THE SPRING BALANCE TO THE FREE END OF THE CORD.

8. PULL THE SPRING BALANCE SMOOTHLY AND OBSERVE THE FORCE NEEDED
TO LIFT THE 100'GRAM WEIGHT. DO THIS STEP THREE OR FOUR

TIMES TO GET AN AVERAGE, AND THEN RECORD YOUR AVERAGE IN THE

DATA TABLE.

C. PLACE THE METERSTICK UPRIGHT ON THE FLOOR AND HAVE ANOTHER
PERSON OBSERVE THE NUMBER OF CENTIMETERS THE WEIGHT RISES
WHILE YOU OBSERVE THE NUMBER OF CENTIMETERS THE SPRING BALANCE
MOVES IN THE OPPOSITE DIRECTION. RECORD YOUR READINGS IN THE

DATA TABLE.

D. TIE ONE END OF THE CORD ON THE "C" CLAMP. RUN THE OTHER

CORD THROUGH THE PULLEY AND ATTACH IT TO THE SPRING BALANCE.
HOOK THE WEIGHT ON THE MOVABLE PULLEY.

E. PULL THE SPRING BALANCE SMOOTHLY SEVERAL TIMES TO LIFT THE

1CO GRAM WEIGHT. RECORD YOUR AVERAGE READING.

F. PLACE THE METERSTICK ON THE FLOOR IN AN UPRIGHT POSITION AND
OBSERVE THE DISTANCE IN CENTIMETERS THAT BOTH THE WEIGHT AND
THE SPRING BALANCE TRAVEL, AS YOU DID IN STEP 3. YOUR

PARTNER WILL HELP YOU IN THE OBSERVATIONS. RECORD IN THE

DATA TABLE.

OBSERVATIONS:

1. RECORD YOUR OBSERVATIONS IN THE DATA TABLE.

FIXED
PULLEY

MOVABLE

PULLEY

WEIGHT OF FORCE TO 'FORCE Loss, DISTANCE1 DISTANCE

OBJECT I MOVE OBJECT OR GAIN WEIGHT FORCE
1 MOVER ' MOVED
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INTERPRETATIONS:

1. Do YOU ALWAYS GAIN FORCE WHEN A PULLEY IS USED? EXPLAIN.

2. IN STEP C, WHEN THE SINGLE FIXED PULLEY WAS USED, NEITHER
FORCE NOR DISTANCE WAS GAINED OR LOST. WHAT IS THE GAIN?

3. HOW MANY STRANDS ARE PULLING DIRECTLY ON THE LOAD IN THE
FIXED PULLEY EXPERIMENT? HOW MANY IN THE MOVABLE EXPERIMENT?

4. WHAT DIFFERENCE DOES THE MOVABLE PULLEY MAKE?

5. WHAT IS THE MECHANICAL ADVANTAGE OF 1:IE MOVABLE PULLEY?

6. WHEN FORCE WAS GAINED USING THE MOVABLE PULLEY, WHAT WAS

LOST?

ey5i.
,..,
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PHYSICS (MECHANICS)
LEVEL: JUNIOR HIGH

ACTIVITY: ACTIVITIES USING AN INCLINED PLANE

MATERIALS: BOARD
BLOCK

SPRING SCALE

TOY CAR OR TRUCK
STRING

PROCEDURE:
SET UP A SMOOTH BOARD ABOUT 1 METER LONG SO THAT ONE END IS

ABOUT 20 CM HIGHER THAN THE OTHER. ACCURATELY MEASURE THE HEIGHT

OF THE RAISED END TO THE UNDERSIDE OF THE BOARD. FROM THIS DETERMINE

THE THEORETICAL MECHANICAL ADVANTAGE. RECORD YOUR ANSWER:

WEIGH A TOY CAR OR TRUCK WITH A SPRING SCALE. MEASURE THE

FORCE NECESSARY TO PULL THE CAR UP THE INCLINE. FROM THESE TWO

FORCES FIND THE ACTUAL MECHANICAL ADVANTAGE:

WHY IS THIS LESS THAN THE ONE FOUND BY USING THE LENGTH AND
HEIGHT?

PUT WEIGHTS IN THE TRUCK OR CHANGE THE HEIGHT OF THE INCLINE

AND THEN MAKE OTHER TRIALS. ON THE BASIS OF YOUR RESULTS HOW DOES
THE FORCE REQUIRED TO MOVE THE BLOCK CHANGE AS THE MECHANICAL
ADVANTAGE INCREASES?

_.,



PHYSICS (MECHANICS)
LEVEL: JUNIOR HIGH

ACTIVITY: How DOES FRICTION AFFECT EFFICIENCY? AND HOW CAN

FRICTION BE REDUCED?

MATERIALS: SPRING BALANCE
FLAT BOARD (SMALL)
MEDIUM -SIZE NAIL

PROCEDURE:

4 ROUND PENCILS
Two BOOKS

A. DRIVE THE NAIL INTO THE BOARD NEAR ONE END. ATTACH A

SPRING BALANCE TO THE NAIL. PLACE ONE BOOK ON THE BOARD
AND PULL THE BOARD GENTLY AND SMOOTHLY. OBSERVE THE READ...

ING ON THE SPRING BALANCE AS THE BOARD IS MOVING. DO

THIS SEVERAL TIMES. RECORD THE AVERAGE READING IN THE

DATA TABLE.

B. PLACE TWO BOOKS ON THE BOARD AND REPEAT STEP A. AFTER

SEVERAL TRIALS, RECO17) THE AVERAGE READING IN THE DATA
TABLE.

C. NEXT, PUT THE FOUR PENCILS UNDER THE BOARD AND PUT ONE

BOOK ON THE BOARD. PULL THE BOARD GENTLY AND SMOOTHLY,
AND OBSERVE THE READING ON THE SPRING BALANCE AS THE BOARD
IS MOVING.

D. REPEAT STEP C, USING TWO BOOKS. AFTER SEVERAL TRIALS,

RECORD THE AVERAGE READING IN THE DATA TABLE.

OBSERVATIONS:

1. RECORD YOUR MEASUREMENTS IN THE DATA TABLE.

FLAT SURFACE
FORCE REQUIRED

ROLLER SURFACE
FORCE REQUIRED

BOARD WITH ONE BOOK

BOARD WITH Two BOOKS 1
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INTERPRETATIONS:

1. How DIO YOU REOUCE FRICTION IN THIS EXPERIMENT?

2. How DO YOU KNOW THAT A HEAVIER OBJECT PRODUCES MORE FRICTION?

3. How DO THE SIZES OF THE SURFACES TOUCHING EACH OTHER AFFECT
FRICTION?

4. WHAT ARE TWO THINGS THAT WASTE THE WORK PUT INTO A MACHINE?

5. WHAT AFFECT DO ROLLING OBJECTS, BALL BEARINGS, AND LUBRI-
CANTS HAVE ON FRICTION?
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MECHANICS
LEVEL: HIGH SCHOOL

ACTIVITY: PULLEYS (WHAT DETET4)NES THE MECHANICAL ADVANTAGE OF A
SYSTEM OF PULLEYS?)

MATERIALS:
2 SINGLE - SHEAVE PULLEYS

HORIZONTAL SUPPORT
SET OF HOOKED WEIGHTS

2 DOUBLE - TANDEM PULLEYS

SPRING BALANCE (500 G)
CORD

aPdOWIN.,...,_.".ft=ftW4dmftMMOWWftftftMMWOMMW ehaWMa====1101,

g f
Fig. 2 Fig. 3

E

Fig. 4

PROCEDURE:
A. SINGLE FIXED PULLEY

FASTEN A SINGLE PULLEY TO A HORIZONTAL SUPPORT (FIG. 1). PASS
A CORD ABOUT A METER LONG THROUGH THE PULLEY AND FASTEN A 200G
WEIGHT R TO ONE END. HOOK WEIGHTS, El, TO THE OTHER END OF THE CORD
UNTIL THE 200-G WEIGHT IS SLOWLY RAISED. (PLACE WEIGHTS IN A SCALE
PAN IF WEIGHTS WITH HOOKS ARE NOT AVAILABLE.) REMOVE WEIGHTZI, E2,
UNTIL THE 200 -G WEIGHT IS SLOWLY LOWERED.

1. WHICH IS LARGER, El OR E2?

El IS THE EFFORT INCREASED BY FRICTION, AND £2 IS THE EFFORT
DECREASED BY FRICTION. THE AVERAGE OF THESE TWO GIVES THE TRUE
EFFORT E.

2. How DOES YOUR VALUE OF E COMPARE WITH R?
DOES THIS ARRANGEMENT GIVE A MECHANICAL ADVANTAGE?

4. HOW MANY STRINGS SUPPORT R?
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B. SINGLE MOVABLE PULLEY
TIE THE END OF THE CORD TO THE SUPPORT (FIG. 2). FASTEN A 200-G

WEIGHT AT R AND A SPRING BALANCE AT E. THE EFFORT IN THIS CASE "ILL

HAVE TO BE EXERTED UPWARD. FIND THE EFFORT REQUIRED WHEN THE WEIGHT

IS BEING RAISED AND WHEN IT IS BEING LOWERED. FIND THE AVERAGE EFFORT.

5. HOW MANY STRINGS SUPPORT R?

WEIGH THE PULLEY ON THE SPRING BALANCE. FOR R USE THE COMBINED

WEIGHT OF THE 200-G WEIGHT AND THE WEIGHT OF THE PULLEY.

6. WHY?

7. WHAT IS THE VALUE OF THE MECHANICAL ADVANTAGE AS GIVEN BY

THE RATIO R/E?

C. ONE FIXED AND ONE MOVABLE PULLEY
ARRANGE TWO SINGLE PULLEYS AS IN FIG. 3. USE A 500-G WEIGHT FOR

R AND FIND THE WEIGHTS REQUIRED AT E TO RAISE AND LOWER R. FIND THE

AVERAGE EFFORT. THE WEIGHT OF THE LOWER PULLEY MUST BE ADDED TO THE

WEIGHT LIFTED.
8. WHAT RELATION DO YOU SEE BETWEEN THE RATIO R/E AND,THE NUMBER

OF STRINGS SUPPORTING R?

9. HOW DOES THE MECHANICAL ADVANTAGE COMPARE WITH THAT OF ONE

MOVABLE PULLEY?
10. WHAT IS THE USE OF THE FIXED PULLEY?

D. Two FIXED AND TWO MOVABLE PULLEYS
WEIGH ONE OF THE DOUBLE BLOCKS ON THE SPRING BALANCE. ARRANGE

TWO DOUBLE BLOCKS AS IN FIG. 4. FIND THE SAME DATA AS BEFORE, USING

A 500-G WEIGHT FOR R.

DATA
A C D

TOTAL WEIGHT LIFTED, R G G G G

EFFORTL WEIGHT GOING UP, El G G G G

EFFORT, WEIGHT GOING DOWNlEZ G

G

G

4

G

G

G

GEFFORT, AVERAGE, E
MECHANICAL ADVANTAGE R/E
NUMBER OF STRINGS SUPPORTING R

DISCUSSION:
1. WHAT IS THE DIFFERENCE BETWEEN A FIXED AND A MOVABLE PULLEY?

2. BY EXAMINING A SYSTEM OF PULLEYS, HOW CAN YOU DETERMINE THE

THEORETICAL MECHANICAL ADVANTAGE?

3. A CAR IS TO BE PULLED OUT OF THE MUD BY THE USE OF TWO DOUBLE

BLOCKS. ONE BLOCK IS FASTENED TO A TREE AND ONE TO THE CAR.

SHC4 BY DIAGRAMS TWO WAYS OF STRINGING UP THE TWO DOUBLE BLOCKS.

WHAT IS THE MECHANICAL ADVANTAGE OF EACH?

MA. MA._

4. WHAT CAREERS CAN YOU DISCOVER THAT WOULD REALLY NEED INFORMA-

TION FROM THIS ACTIVITY?
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MECHANICS
LEVEL: HIGH SCHOOL

ACTIVITY: ARCHIMEDESt PRINCIPLE - BUOYANT FORCE (HOW CAN ARCHIE)ESt
PRINCIPLE BE VERIFIED?)

FLUIDS EXERT A BUOYANT (UPWARD) FORCE ON BOTH FLOATING AND SUBMERGED
OBJECTS. ARCHIMEDES REASONED THAT THE MAGNITUDE OF THIS FORCE MUST
EQUAL THE WEIGHT (DOWNWARD FORCE) OF THE FLUID DISPLACED BY THE OB-
JECT.

PROCEDURES:
A. OBJECTS DENSER THAN WATER

To DETERMINE THE BUOYANT FORCE OF WATER ON A SUBMERGED OBJECT
DENSER THAN WATER, THE OBJECT IS WEIGHED IN AIR AND WEIGHED AGAIN
WHILE SUBMERGED IN WATER. THEN, TO VERIFY ARCHIMEDESt PRINCIPLE,
WEIGH THE WATER DISPLACED BY THE OBJECT. ENTER YOUR DATA ;; THE TABLE
ON THE NEXT PAGE.

ONE METHOD OF WEIGHING AN OBJECT SUBMERGED IN WATER IS SHOWN
IN THE DIAGRAM. IF YOUR APPARATUS IS DIFFERENT, YOUR INSTRUCTOR
WILL EXPLAIN ITS USE.

MATERIALS:
LABORATORY BALANCE OVERFLOW CAN
CATCH BUCKET CORD
OBJECT DENSER THAN WATER OBJECT LESS DENSE THAN WATER
SATURATED SALT SOLUTION OR KEROSENE

I

i

r,t,

I

I

To WEIGH THE DISPLACED WATER, USE AN OVERFLOW CAN AND CATCH
BUCKET. (SEE DIAGRAM BELOW.) WEIGH THE EMPTY CATCH BUCKET. -FILL

THE OVERFLOW CAN WITH WATER AND WHEN ALL THE EXCESS WATER HAS FLOWED
OUT, GENTLY PLACE THE OBJECT INTO THE WATER, CATCHING THE.OVERFLOW
IN THE BUCKET. WEIGH THE BUCKET AND WATER AND SUBTRACT THE WEIGHT
OF THE EMPTY BUCKET.

I

i 4-, l''Ift.i ,

A

I
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B. OBJECTS LESS DENSE THAN WATER
To VERIFY ARCHIMEDES' PRINCI^LE FOR FLOATING OBJECTS, WEIGH THE

OBJECT IN AIR, THEN GENTLY PLACE THE OBJECT IN A FILLED OVERFLOW
CAN, ALLOWING IT TO FLOAT. CATCH THE OVERFLOW IN A CATCH BUCKET AND
OBTAIN THE WEIGHT OFilTHE DISPLACED WATER AS BEFORE. NOTE THAT A

QUIETLY FLOATING OBJECT DOES NOT MOVE UP OR DOWN, INDICATING THAT

THE BUOYANT FORCE OF THE FLUID EXACTI2Y BALANCES THE WEIGHT OF THE

OBJECT.
/F TIME PERMITS, REPEAT PROCEDURES A AND B WITH A LIQUID OF

DIFFERENT DENSITY, SUCH AS SATURATED SALT SOLUTION OR KEROSENE.

DATA
WATER SECOND LIQUID

A 8 A 8

. WEIGHT OF OBJECT IN AIR G, G G G

2. WEIGHT OF OBJECT IN LIQUID GI G G G

. DIFFERENCE IN WEIGHT1121 G G G G

. WEIGHT OF EMPTY CATCH BUCKET G G G G

. WEIGHT OF BUCKET AND DISPLACED LIQU1C G G G G

. WEIGHT OF DISPLACED LIQUID (54i

DISCUSSION:
1. WHAT RELATION DO YOU FIND BETWEEN THE WEIGHT OF THE FLOATING BODY

MID THE WEIGHT OF WATER THAT IS DISPLACED?

2, WAS THIS SAME RELATIONSHIP TRUE FOR THE SECOND LIQUID?

3. DID THE OBJECT DISPLACE A GREATER OR A LESSER VOLUME OF THE

COND LIQUID? EXPLAIN.

4. AS A SHIP PASSES FROM FRESH WATER INTO SALT WATER, WILL IT
FLOAT HIGHER OR LOWER IN THE WATER?

5. A PNEUMATIC LIFE RAFT WHICH WEIGHS 25 LB WILL DISPLACE WHAT
WEIGHT OF WATER WHEN THERE ARE TWO PEOPLE WEIGHING 18o LB EACH

IN THE' RAFT?

How MANY CUBIC FEET OF WATER WILL BE DISPLACED?

6. A FLAT-BOTTOMED BOAT 10 FT WIDE AND 20 FT LONG SINKS 2 IN.
DEEPER WHEN LOADED. How HEAVY IS THE LOAD?

7. IF YOU WERE DESIGNING AND SELLING FISHING BOATS HOW WOULD YOU
FIND THIS ACTIVITY HELPFUL? EXPLAIN.
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MECHANICS
LEVEL: HIGH SCHOOL

ACTIVITY: WATER PRESSURE

225

PROBLEM:
THE PRESSURE OF A FLUID INCREASES AS THE DEPTH IS INCREASED. How

CAN WE MEASURE SMALL CHANGES OF PRESSURE IN WATER?

MATERIALS:
RING STAND
U-TUBE
RUBBER TUBE
RULER
COLORED WATER

RING STAND CLAMP
LONG-STEMMED FUNNEL
RUBBER BALLOON
MASKING TAPE
GLASS JARS OF DIFFERENT

SIZE AND SHAPE

PROCEDURE:
CUT THE TOP OFF A BALLOON AND STRETCH THE LOWER HALF OVER THE

MOUTH OF THE FUNNEL.TO MAKE A RUBBER DIAPHRAGM. SUPPORT THE U-

TUBE IN THE RING STAND AND POUR A LITTLE COLORED WATER INTO TUBE. t
MARK ONE ARM OF THE TUBE IN CENTIMETERS TO MAKE A MANOMETER SCALE.
CONNECT THE FUNNEL TO THE OTHER ARM OF THE U-TUBE TO MAKE A SIMPLE

MANOMETER. FILL THE GLASS JARS NEARLY FULL WITH WATER AND ATTACH
THE RULER WITH TAPE TO THE SIDE OF THE JAR TO BE USED FIRST. GRAD-
UALLY PUSH THE FUNNEL INTO THE WATER NOTING THE RISE IN THE MANOMETER

TUBE AS THE DEPTH INCREASES. REPEAT THE EXPERIMENT FOR EACH OF THE

DIFFERENT JARS.

OBSERVATIONS:
FILL IN THE FOLLOWING TABLE SHOWING THE DEPTH AND PRESSURE READINGS.

DEPTH OF WATER
IN THE JAR

READING ON MANOMETER SCALE

I JAR #1 ' JAR #2 JAR 7PT-7.1AR #4

1 INCH i 1

!

2 INCHES -r
3 INCHES

INCHES

5 INCHES

------; INCHES

INTERPRETATION:

MAKE A GRAPH SHOWING THE RELATIONSHIP OF PRESSURE TO DEPTH AS

SHOWN BY THE DATA IN THE TABLE.
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PRESSURE ON MANOMETER

APPLICATIONS:

7 8 9

1. DIVERS WORKING AT GREAT DEPTHS IN THE WATER USUALLY WEAR HEAVY
PROTECTIVE HELMETS AND SUITS. EXPLAIN HOW THE DIVER IS PROTECTED
FROM THE GREAT PRESSURES AT THESE DEPTHS.

2. THERE ARE MANY CAREERS THAT NEED TO BE CONCERNED WITH PRESSURE.
NAME SEVERAL THAT INTEREST YOU.
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EARTH SCIENCE - EARTH & WHAT IT'S MADE OF

PETROLEUM ENGINEER
GEOPHYSICS
OCEANOGRAPHER
TEACHER SECONDARYCOLLEGE
URBAN PLANNER
AGRICULTURAL EXTENSION WORKER
FARM CROP PRODUCTION TECHNICIAN
FISH & WILDLIFE TECHNICIAN
FORESTERY PRODUCTION TECHNICIAN
ORCHARD TECHNICIAN
PARKS LAND MANAGEMENT TECHNICIAN
SOIL CONSERVATIONIST
CORE MAKER
JEWELER REPAIR
CEMENT MASON
PLASTERER
STRUCTURAL STEEL WORKER

2 2. '7

GEOLOGIST
LANDSCAPE ARCHITECT
ELEMENTARY TEACHER
TECHNICAL WRITER
AGRIBUSINESS TECHNICIANS
DAIRY PRODUCTION TECHNICIAN
FARMING
FORESTER
LIVESTOCK PRODUCTION TECHNICIAN
HORTICULTURIST
RANGE MANAGEMENT
SOIL SCIENTIST
JEWELER
BRICK LAYER
OPERATING ENGINEER
STONE MASON
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EARTH & WHAT IT'S MADE OF
LEVEL: JUNIOR HIGH

A:TIVITY: EXAMINATION OF SOIL PARTICLES AND 2 OF ITS PROPERTIES,

MATERIALS:

PER TEAM)

MAGNIFYING LENSES
STRAIGHT PIN
METRIC RULER
SOIL SAMPLES

A. CHARACTERISTICS OF SOIL
PROCEDURES:
A. PLACE A SMALL AMOUNT OF SOIL ON A SHEET OF PAPER. EXAMINE

THE SOIL WITH A LENS. IF YOU ARE ABLE TO IDENTIFY ANY
MINERAL PARTICLES IN THE SAMPLE WRITE THEIR NAMES IN A
NOTEBOOK.

B. OBSERVE THE SHAPES OF SEVERAL SOIL PARTIC1,51\10fICE
ESPECIALLY WHETHER THEY HAVE SHARPOR---ROUND EDGES. PRE..

PARE SKETCHES OF THE PARTICLES IN YOUR NOTEBOOK.
Co USE THE PIN TO LINE UP ENOUGH PARTICLES ALONG THE EDGE OF

A RULER TO EXTEND FOR ONE OR MORE MILLIMETERS.

INTERPRETATIONS:
1. HOW MANY PARTICLES ARE THERE IN A LINE 1 MM LONG? WHAT

IS THE AVERAGE SIZE OF THE PARTICLES?
.2, WHAT IS THE SIZE RANGE OF THE PARTICLES, FROM THE BIGGEST

TO THE SMALLEST?

B. AS YOU HAVE DISCOVERED FROM THIS INVESTIGATION SOIL PARTICLES ARE
OF DIFFERENT SIZES. IN THIS PART YOU WILL,BE CONCERNED WITH ONE
PROPERTY OF SOIL; THE WATER HOLDING CAPACITY OF SOIL. THIS

PROPERTY CAN BE RELATED TO PARTICLE SIZE.

MATERIALS: PER TEAM)
DRY SAMPLES CF COARSE GRAVEL, FINE SAND, AND CLAY SOIL
6 SMALL STYROrOAM DRINKING CUPS
TRANSPARENT FOOD WRAP
100 ML. GRADUAVED CYCLINDERS
RUBBER BMWs
LARGE METAL PAN
FOURPENNY (FINISHING) NAIL
WATCH OR CLOCK WITH SWEEP SECOND HAND
MARKING PEN

PROCEC RES:
A. IAKE 3 STYROFOAM CUPS AND WITH A MARKING PEN, LABEL EACH ONE

OF THE THREE CUPS A, B, AND C.
B. USE THE NAIL TO PUNCH 10 HOLES IN THE BOTTOM OF EACH CUP.

IT IS IMPORTANT THAT THE HOLES ARE PUNCHED IN APPROXIMATELY
THE SAME PATTERN IN EACH CUP.

Co FASTEN TRANSPARENT FOOD WRAP TIGHTLY OVER THE BOTTOM OF

EACH CUP WITH RUBBER BANDS. AFTER FASTENING THE WRAP
WITH RUBBER BANDS, PULL THE FOOD WRAP UPWARDS SO THAT IT
IS HELD FLAT AGAINST THE BOTTOM OF EACH CUP. MAKE SURE I
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THAT THE FOOD WRAP IS NOT WORN OR PUNCTURED; IT MUST
HOLD WATER INSIDE THE CUPS.

D. NOW ADD THE PROPER SOIL SAMPLE TO EACH CUP. EACH CUP
SHOULD BE FILLED TO THE SAME LEVEL.

E. PREDICT WHICH SOIL SAMPLE YOU THINK HAS THE GREATEST
WATER HOLDING CAPACITY. WHICH HAS THE LEAST WATER.*

HOLDING CAPACITY? WRITE YOUR PREDICTIONS IN YOUR N9TE
BOOK.

F. FILL A GRADUATED CYLINDER WITH WATER TO THE HIGHEST
MARKED LEVEL. PLACE THE CUPS IN A PAN. SLOWLY POUR
THE WATER INTO CUP A UNTIL THE SOIL IS COMPLETELY
SOAKED (SATURATED) AND A LITTLE WATER IS STANDING ON
TOP OF THE SOIL, IN YOUR NOTEBOOKS RECORD THE NUMBER OF
MILLILITERS OF WATER REQUIRED TO COMPLETELY SOAK THE
SAMPLE. REPEAT WITH CUPS B AND Co

INTERPRETATIONS:
1. WHICH SAMPLE HAS THE HIGHEST WATERHOLDING CAPACITY?

WHICH SAMPLE HAS THE LOWEST WATERHOLDING CAPACITY?
2. HOW DOES THE PARTICLE SIZE OF EACH SAMPLE COMPARE

WITH ITS WATERHOLDING CAPACITY?

PROCEDURES:

G. TAKE THE OTHER 3 CUPS IN A PAN. LABEL THE CUPS 0, E,

AND F. HOLD THE CUP A OVER CUP D. QUICKLY REMOVE THE
FOOD WRAP FROM SAMPLE A AND DISCARD IT AND ANY WATER
THAT HAS LEAKED INTO IT. ALLOW THE REMAINING WATER IN
THE SAMPLE TO DRIP INTO EMPTY CUP Dy UNTIL IT DRIPS AT
A RATE OF LESS THAN ONE DROP IN FIFTEEN SECONDS. RE

/ PEAT FOR SAMPLES B AND C. MEASURE AND RECORD THE
AMOUNT OF WATER RECOVERED FROM EACH.

INTERPRETATIONS:
3. WHAT REASONS CAN YOU GIVE FOR ANY DIFFERENCES IN THE

AMOUNT OF WATER ADDED TO AND RECOVERED FROM EACH SOIL

SAMPLE?
4. WHAT PROPERTIES OF THE PARTICLES MAKING UP A SOIL SAMPLE

WOULD AFFECT THE WATER - HOLDING CAPACITY?

5. ROW MIGHT THE WATER- HOLDING CAPACITY OF UNDISTURBED
SOIL BE DIFFERENT FROM THE SOIL SAMPLES YOU USED?
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EARTH & WHAT IT'S MADE OF
LEVEL: JUNIOR HIGH

ACTIVITY: WHAT ARE SOME SCIENTIFIC METHODS TO IDENTIFY ROCKS?

MATERIALS:
SANDSTONE

LIMESTONE
MARBLE CHIPS
CALCITE

PYRITE
HEMATITE

TALC

MAGNETITE
NATIVE COPPER
QUARTZ
BOTTLE OF ACID
MAGNET

23u

STREAK PLATE
(UNGLAZED TILE)
PENNY
NAIL

GLASS
STEEL FILE

PROCEDURE:
1. PUT ONE OR TWO DROPS OF ACID ON EACH OF THE ROCKS AND OBSERVE

WHAT HAPPENS. RECORD YOUR OBSERVATIONS IN COLUMN 1 OF THE

CHART FOLLOWING.
2. TOUCH THE MAGNET TO EACH ROCK. RECORD THE RESULTS IN COLUMN

2.

3. RUB EACH ROCK SAMPLE FROM 5 THROUGH 10 ON THE STREAK PLATE

(TILE). RECORD THE COLOR OF THE STREAK IN COLUMN 3.

4. THE HARDNESS KEY GIVEN BELOW WILL HELP YOU DETERMINE HOW HARD

EACH ROCK IS. TEST EACH ROCK SAMPLE FROM 4 THROUGH 12 TO

DETERMINE ITS HARDNESS. RECORD YOUR FIGURES IN COLUMN 4.

SCRATCHING MATERIAL

SCRATCH WITH YOUR FINGERNAIL
SCRATCH WITH A PENNY BUT NOT WITH YOUR FINGERNAIL
SCRATCH WITH A NAIL BUT NOT WITH A PENNY
SCRATCH WITH A PIECE OF GLASS BUT NOT WITH NAIL
SCRATCH WITH A STEEL FILE BUT NOT WITH GLASS
IF IT REMAINS UNSCRATCHED BY ANY OF THE ABOVE

HARDNESS

LESS THAN 2.5
BETWEEN 2.5 AND 3.0
BETWEEN.3 AND 5
BETWEEN 5 AND 6
BETWEEN 6 AND 7
MORE THAN 7

WHAT DO WE LEARN?
1. WHICH ROCKS REACTED WITH THE ACID? CAN YOU FIGURE OUT WHY

THESE REACTED AND THE OTHERS DID NOT?

2. Do you THINK MANY ROCKS ARE ATTRACTED BY MAGNETS? WHY?

3. Do ALL ROCKS HAVE STREAKS?

I. WHICH ROCK WAS HARDEST? WHICH WAS SOFTEST?

5. WHICH PICTURE ON THE FOLLOWING PICTURE SHOWS A TEST FOR

LIMESTONE? WHICH SHOWS A TEST FOR TALC? WHICH
MI! .1......... -............

SHOWS A TEST FOR MAGNETITE
r7



Whet Do We See/

Record your observations Mow.

Rock Ss.unple
No. and Name

1

(Did it
bubble?)

2
(Was it

attracted?)

3

Color
.1

Hardness

1. Sandstone
;

2. LimeSt one

:i. Marble

4. Calcite

5. Pyrite .

6. Hematite .

7. Talc

8. Magnetite

9. Native Copper

10. Quartz

rIctc,



EARTH & WHAT IT'S MADE OF

LEVEL: JUNIOR HIGH

ACTIVITY: STUDY OF KINDS OF ROCKS

MATERIALS: (PER TEAM)
SEDIMENTARY ROCK SET
MINERAL SET
BOTTLE DILUTE ACID
HAND LENS

SEDIMENTARY ROCKS

METRIC RULER
IGNEOUS ROCK SET
METAMORPHIC ROCK SET

2_3 2...

MOST SEDIMENTARY ROCKS ARE MADE OF MATERIALS THAT COME FROM THE
DESTRUCTION OF PREVIOUSLY EXISTING ROCKS. WHEN THIS MATERIAL IS
DEPOSITED AND CEMENTED TOGETHER BY PRESSURE AND CHEMICAL ACTION,

SEDIMENTARY ROCK IS FORMED. STUDY OF SEDIMENTARY ROCKS CAN PRO-
VIDE INFORMATION ABOUT CONDITIONS THAT EXISTED LONG AGO WHEN THE

ROCKS WERE FORMED.

PROCEDURES:
A. STUDY THE SEDIMENTARY ROCKS. COMPARE THEM WITH A LABELED

SET TO FIND THE NAME OF EACH TYPE OF ROCK.
B. ARRANGE THE ROCKS IN ORDER ACCORDING TO THE SIZE OF THE

PARTICLES OF ANCIENT DEPOSITED MATERIAL THEY CONTAIN.
RECORD THE NAMES OF THE SEDIMENTARY ROCKS. THE NAME OF THE

ROCK CONTAINING THE LARGEST PARTICLES SHOULD, BE LISTED FIRST
AND THE OTHERS ACCORDING TO DECREASING PARTICLE SIZE. BESIDE

EACH NAME, MAKE A SMALL SKETCH OF THE SAMPLE, AND RECORD
THE AVERAGE PARTICLE SIZE IN MILLIMETERS.

INTERPRETATIONS:
1. WHICH ROCK WAS FORMED FROM PARTICLES THAT WOULD SETTLE OUT

OF RAPIDLY MOVING WATER?

2. WHICH ROCK WAS FORMED FROM PARTICLES THAT WOULD SETTLE OUT

OF SLOWLY MOVING WATER?
3. WHICH ROCKS WERE MOST LIKELY FORMED IN AN OCEAN OR LAKE?

PROCEDURES:
C. FOR EACH TYPE OF ROCK, LIST THE MINERALS YOU THINK IT

PROBABLY CONTAINS.
D. TEST EACH MINERAL WITH A DROP OF DILUTE ACID. OBSERVE AND

RECORD ANY RESULTS AND THEN BLOT THE DROP WITH A WET PAPER

TOWEL.

CAUTION: ACID CAN DAMAGE YOUR SKIN AND CLOTHING. BE CAREFUL NOT

TO SPILL IT.

E. TEST EACH ROCK WITH A DROP OF DILUTE ACID, AND RECORD ANY

RESULTS. THEN BLOT THE DROP WITH A WET PAPER TOWEL.

INTERPRETATIONS:
4. DID PROCEDURE E GIVE INFORMATION ABOUT THE MINERAL .CONTENT

OF THE SEDIMENTARY ROCKS? IF SO, WHAT ADDITIONAL INFORMATION

WAS GAINED?

Imo ,..7:67



PROBLEM:
THE SEDIMENTARY ROCKS OF A CERTAIN ANCIENT RIVER BASIN CONSIST

MAINLY OF SANDSTONES. THERE ARE SOME CONGLOMERATES FOUND IN THE

NORTHERN PART OF THE AREA AND SOME SHALES IN THE SOUTH. Do YOU

THINK THE RIVERS WHICH BROUGHT THE SEDIMENTARY MATERIAL TO THE AREA

FLOWED FROM THE NORTH OR FROM THE SOUTH?

PLUTONIC IGNEOUS ROCKS

VOLCANIC ROCKS ARE NOT THE ONLY ONES FORMED FROM MELTED MATERIAL.
ALL ROCKS FORMED FROM MOLTEN MATERIAL ARE CALLED IGNEOUS(IG-NEE US)

ROCKS. A COMPARISON OF DIFFERENT ROCKS CAN GIVE INFORMATION ABOUT
THE DIFFERING CONDITIONS UNDER WHICH THEY WERE FORMED.

PROCEDURES:
A. EXAMINE THE IGNEOUS ROCKS AND CLASSIFY THEM INTO GROUPS

ACCORDING TO THE CONDITIONS IN WHICH YOU THINK THEY WERE

FORMEC. IN A NOTEBOOK, RECORD WHAT YOU THINK THESE CONDI-
TIONS WERE AND THE NAMES OF THE ROCKS IN EACH GROUP.

INTERPRETATIONS:
1. WHICH ROCKS DO YOU THINK WERE FORMED AT THE GREATEST DEPTH

AND WHICH AT THE LEAST DEPTH? GIVE REASONS TO SUPPORT YOUR

ANSWER.

PROCEDURES:
B. EXAMINE THE TWO ROCKS YOU HAVE NOT PREVIOUSLY STUDIED AND

TRY TO DETERMINE THEIR MINERAL CONTENT. USE THE MAGNIFYING

LENS IF NECESSARY.

INTERPRETATIONS:
2. COMPARED WITH THE VOLCANIC ROCKS, IS IT EASIER OR HARDER TO

IDENTIFY THE MINERAL CONTENT OF THE TWO NEW IGNEOUS ROCKS?

WHY?
WHAT MINERALS DO YOU THINK ARE IN THE TWO NEW IGNEOUS ROCKS?

How COULD YOU TESTTO SEEWHETHER IGNEOUS ROCKS CONTAIN
CALCITE?

5. Do ANY OF THE IGNEOUS ROCKS CONTAIN CALCITE?

METAMORPHIC ROCKS

PREEXISTING ROCKS WHICH ARE CHANGED BY HEAT AND PRESSURE ARE CALLED

METAMORPHIC ROCKS. METAMORPHIC ROCKS MAY BE FORMED FROM SEDIMENTARY

OR IGNEOUS ROCKS. INSPECTION OF METAMORPHIC ROCKS CAN GIVE INFOR-

MATION ABOUT THE DEGREE OF METAMORPHISM WHICH HAS TAKEN PLACE-THAT

IS, THE AMOUNT OF CHANGE WHICH HEAT AND PRESSURE HAVE PRODUCED IN

THE ROCKS.

PROCEDURES:
A. EXAMINE THE METAMORPHIC ROCKS AND ATTEMPT TO ARRANGE THEM

IN ORDER OF INCREASING SHININESS. ASSUMING THAT ALL OF THESE

ROCKS WERE ONCE SHALELIKE DECIDE WHICH OF THEM HAS BEEN MOST

ALTERED. RECORD YOUR RESULTS IN ORDER FROM LEAST CHANGED TO

MOST CHANGED.

ray
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INTERPRETATIONS:
I. DO ALL SIDES OF THE METAMORPHIC ROCK SAMPLES REFLECT LIGHT

EQUALLY?
2. WHAT MINERAL MIGHT ACCOUNT FOR THE MANNER IN WHICH META-

MORPHIC ROCKS REFLECT LIGHT?

3. CAN YOU RECOGNIZE THIS MINERAL IN ANY OF THE ROCKS? IF SO,

IN WHICH ONES?'
4. WHAT OTHER MINERALS CAN YOU RECOGNIZE IN THE METAMORPHIC

ROCKS? IN WHICH OF THE ROCKS DO THESE MINERALS APPEAR?

5. WHICH OF THE METAMORPHIC ROCKS MOST CLOSELY RESEMBLES
GRANITE? IN WHAT WAYS?

6. How DOES THIS ROCK DIFFER FROM GRANITE?
7. DESCRIBE A CHARACTERISTIC STRUCTURE OF METAMORPHIC ROCKS.

b. HOW MIGHT THIS STRUCTURE BE RELATED TO THE PRESSURE THAT
CAUSED THE METAMORPHISM?

2 6 9
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EARTH AND WHAT IT IS MADE OF
LEVEL: 7TH 9TH

ACTIVITY: WHAT'S GOING ON DOWN THERE?
(A SIMPLE EXPERIMENT ON SEISMOLOGY)

MATERIALS: TWO SUPER - SLINKIES WEIGHT (LEAD SINKER)
MARKING PEN PAPER

INTRODUCTION: THE ONLY WAY THE GEOLOGISTS AND GEOPHYSICIST CAN
STUDY THE INTERIOR OF THE EARTH IS WITH THE SEISMOGRAPH. WE GET
INFORMATION FROM INSIDE THE EARTH IN THE SAME WAY WE GET INFORMATION
FROM LIGHT AND SOUND IN THE FORM OF WAVES. AND JUST LIKE A DOCTOR
LISTENING TO YOUR CHEST, OR A MECHANIC LISTENING TO YOUR MOTOR,
WE MUST FIRST LEARN HOW TO UNDERSTAND THE WAVES COMING FROM INSIDE
THE EARTH.

A. MY`WAVE CAN BEAT YOUR WAVE

ALL WAVES HAVE CERTAIN THINGS IN COMMON. WAVES TRAVELING ALONG
SPRINGS WILL GIVE US CLUES ABOUT WAVES IN THE EARTH.

LAY A SUPER - SLINKY ON THE FLOOR AND HAVE YOUR PARTNER PULL IT
1N A STRAIGHT LINE OUT TO AT LEAST 30 FEET. ALL OF THE SUPER - SLINKY,

INCLUDING BOTH ENDS, SHOULD BE TOUCHING THE.FLOOR. YOU MAY HAVE
TO GO OUT IN THE HALL TO DO THIS ONE.) GIVE YOUR HAND, HOLDING THE
END OF THE SUPER - SLINKY, A QUICK JERK SIDEWAYS. THIS SENDS ONE
KIND OF WAVE DOWN THE SIsINKY.

lo DESCRIBE WHAT YOU SEE AS THE WAVE GOES DOWN TO THE OTHER
END.

THIS IS A CROSSWAYS OR TRANSVERSE WAVE. NOW TRY ANOTHER KIND
OF WAVE. GIVE YOUR HAND, HOLDING THE END OF THE SUPER-SLINKY, A
QUICK JERK BACK AND FORTH. THIS SENDS ANOTHER KIND OF WAVE DOWN
THE SLINKY.

2. DESCRIBE WHAT YOU SEE AS THIS WAVE GOES DOWN THE SLINKY.

THIS SECOND WAVE IS A COMPRESSION WAVE. NOW LET'S RACE THEM.

GET TWO SUPER...SLINKIES, SIDE BY SIDE, STRETCHED OUT STRAIGHT
TO THE SAME DISTANCE, WITH YOUR PARTNER HOLDING DOWN BOTH AT ONE
END. AT EXACTLY THE SAME MOMENT, SEND A TRANSVERSE WAVE DOWN ONE
AND A COMPRESSION WAVE DOWN THE OTHER. (IF THIS IS DIFFICULT TO
DO ALONE, YOU MAY WANT ANOTHER TEAM- MEMBER TO WORK WITH YOU AND

SOMEONE TO GIVE THE SIGNAL: "ONE- TWO- THREE.")

3. WHICH KIND 04". WAVE GOT DOWN TO THE END FIRST?

4. IF TWO SUCH ES START TOGETHER FROM AN EARTHQUAKE, HOW
WILL THEY DE :EIVED A SHORT DISTANCE AWAY?

5. WHAT WILL CHANGE IF THEY COME FROM A LONG DISTANCE AWAY?

B. GET THE MESSAGE
TELEPHONES, RADIOS, TELEVISION RECEIVERS, AND RECORD PLAYERS

ALL WORK BY CONVERTING WAVES YOU CA
"dill

CT INTO WAVES YOU SEE

1/. 270



OR HEAR. IN ORDER TO STUDY EARTHQUAKE PATTERNS WE MUST DETECT THE
TRANSVERSE AND COMPRESSION WAVES COMING THROUGH THE EARTH.

TIE A WEIGHT TO THE ENO OF ABOUT A METER OF LIGHT STRING.
CHOOSE A WEIGHT LIKE A LEAD SINKER SO YOU CAN ATTACH THE STRING /T
THE TOP CENTER. HOLD THE END OF THE STRING. THE WEIGHT SHOULD

HANG JUST OFF THE FLOOR, NEITHER SPINNING NOR SWINGING. SLOWLY

MOVE YOUR HAND FRCM SIDE TO SIDE.
6. WHAT DOES THE WEIGHT DO?

7. MOVE YOUR HAND FROM SIDE TO SIDE QUICKLY. WHAT DOES THE

WEIGHT DO THIS TIME?

8. IF THE FLOOR MOVED SIDEWAYS, WHAT DO YOU THINK THE WEIGHT
WOULD DO?

HOLD A MARKING PEN STRAIGHT UP AND DOWN OVER A PIECE OF PAPER.
MOVE YOUR HAND FROM SIDE TO SIDE SLOWLY AS YOUR PARTNER PULLS THE

PAPER WITH A STEADY MOTION. (DON'T TRY TO DO BOTH THINGS YOURSELF.)

9. DESCRIBE THE MARKS ON THE PAPER.

10. PULL THE PAPER AT THE SAME SPEED AGAIN. HOW DO THE MARKS

CHANGE WHEN YOU MOVE YOUR HAND FASTER?

PRIMARY WAVES SECONDARY WAVES

1 :49 A.M.

1

1:50 1:51 1:52 1:53
I I I I

1:511 1 :55 1:56 1:57 1:58 1:59 2:00 A.M.

I I I I
!

I I

I I I

RUMANIAN EARTHQUAKE
NOVEMBER 10, 1940

THE SEISMOGRAPH IS AN INSTRUMENT THAT DRAWS EARTHQUAKE WAVES. IT

HAS A WEIGHT, A PEN, AND A MOVING STRIP OF PAPER. IT RECORDS A

WIGGLY LINE MINUTE BY MINUTE. JUST AS YOU GOT DIFFERENT-LOOKING

RESULTS WHEN YOU MOVED YOUR HAND FASTER OR SLOWER, THE SEISMOGRAPH

SHOWS A PICTURE OF THE DIFFERENT KINDS OF WAVES REACHING IT.
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You rOUND THAT COMPRESSIO
WAVES. THEY HAVE BEEN
ARE IN TABLE No.
PRIMARY WA

N WAVES MOVE FASTER THAN TRANSVERSE
TIMED AND THEIR SPEEDS COMPARED. THE DATA

1. THE FASTER, COMPRESSION WAVE IS CALLED THE
VE. THE SLOWER, TRANSVERSE WAVE IS THE SECONDARY WAVE.

MILES FROM
SOURCE

TIME BETWEEN PRIMARY
AND SECONDARY WAVES

MINUTES SECONDS

t

1,000 2 Ai
2,000
3l000
4,000
5,000

6,000
7,coo

! 4 52

6 27

8 00

9
10 fl

11 49

11. LOOK AT THE SECOND COLUMN OF TABLE No. 1. HOW MUCH TIME
WAS THERE BETWEEN THE FIRST PRIMARY WAVE AND THE FIRST
SECONDARY WAVE, IF THE SEISMOGRAPH WAS 2,000 MILES FROM
THE EARTHQUAKE?

12. LOOK AT THE RECORD OF THE RUMANIAN EARTHQUAKE OF NOVEMBER
10, 1940. WHEN DID THE BIG SECONDARY WAVES BEGIN?
ESTIMATE THE TIME IN MINUTES AND SECONDS BETWEEN THE
BEGINNING OF THE PRIMARY WAVES AND THE BEGINNING OF THE
SECONDARY WAVES.

13. WHAT TIME 0:3 YOU GET?

i4. WHAT DISTANCE DO YOU GET?

A MODEL SEISMOGRAPH MAY BE BUILT BY SUSPENDING A WEIGHT FROM
A SUPPORT SUCH AS A RING STAND. FASTEN A PENCIL TO THE WEIGHT SO
THAT IT JUST TOUCHES A PAPER UNDERNEATH. BUMP THE TABLE. WHAT

HAPPENS?

drr...,/r)
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EARTH AND kHAT IT IS MADE OF
LEVEL: 8TH 9TH

ACTIVITIES: INVESTIGATING ROCKS AND MINERALS

MATERIALS: SOLID GRANITE MAGNIFIER
CRUSHED GRANITE TEASING NEEDLE

TO THE TEACHER: HAVE THE STUDENTS EXAMINE A SOLID PIECE OF GRANITE.
AFTER A FEW MINUTES HAVE EACH GROUP OBTAIN CRUSHED MATERIAL. THE

STUDENTS ARE TO DIVIDE THE ROCK PIECES INTO PILES OF SIMILAR LOOKING
MATERIALS AND DESCRIBE EACH PILE.

MOST DESCRIPTIONS WILL INVOLVE COLOR AND SHAPE.
STUDENTS SHOULD HAVE AT LEAST THREE PILES: QUARTZ, FELDSPAR,

AND MICA.

MINERAL DESCRIPTION FOR THE TEACHER:

QUARTZ- TRANSPARENT, SHINY, GLASSY; BREAKS IRREGULARLY.

BIOTITE (MICA)... BLACK, SHINY, AND FLAKY.

MUSCONITE (MICA)... TRANSPARENT OR YELLOWISH, SHINY, AND FLAKY.

FELDSPAR- ROSE, PINK, MILKY OR COLORLESS; CHUNKY, BREAKS ANGULARLY.

HORNBLENDE- DULL, GREENISHBLACK; ELONGATED,

A. 7 3
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EARTH AND WHAT IT IS MADE OF
LEVEL: 8TH 9TH

ACTIVITY: INTERNAL TEMPERATURE OF THE EARTH

MATERIALS: GRAPH PAPER
COLORED PENCILS

INVESTIGATION
THE DATA GIVEN IN TABLE I BELOW ARE AVERAGE TEMPERATURE MEASUREMENTS.
THE RATE OF CHANGE IN TEMPERATURE IS KNOWN AS THE TEMPERATURE GRADIENT.

TABLE I

OIL FIELD A OIL FIELD 8 OIL FIELD C

244 METERS 30°C

610 42 1

loco 54

128o 72

1700 88 1

214o 99

364364 METERS 34°C I 396 METERS 34°C

. 855 47

130o 68

1580 8o

183o 97 1

2380 108

610 46

1050 62

1465 72

1830 84

2075 102

INTERPRETATION:
1. PLOT THE VALUES OF TABLE I ON THE GRAPH. IF POSSIBLE, USE

FOR EACH SET OF DATA.

D

E.

P

T

H

1

N

DIFFERENT-COLORED PENCILS

3000
2800

2600
1 1 1 1 I 1

2400
2200
2000
1800
1600

1400

s,1200

M 1000

E 800
T Goo

E 400

R 200

1 I I

S 0
10 20 30 4o 5o 6o 7o 8o go 100 110 120 130 140 150

TEMPERATURE IN DEGREES C



2. AT THE 400 -METER AND 2000-METER LEVELS, DRAW A HORIZONTAL
LINE WHICH INTERSECTS THE THREE GRAPHS. THEN COMPLETE THE
FOLLOWING TABLE.

OIL TEMP. AT . TEMP. AT
FIELD 400-M LEVEL 2000-m LEVEL

A

TEMP. GRADIENT
PER KILOMETER

B

C

3. WHAT IS THE AVERAGE TEMPERATURE PER KILOMETER FOR THE THREE
OIL FIELDS? (NEAREST DEGREE)

CALCULATIONS:

4. IS THE AVERAGE TEMPERATURE CONSTANT THROUGHOUT THE DEPTH,
OR DOES IT CHANGE APPRECIABLY?

5. WHAT IS THE AVERAGE TEMPERATURE GRADIENT PER KILOMETER OF
DEPTH FOR EACH OF THE THREE OIL FIELDS? OIL FIELD A
OIL FIELD B OIL FIELD C

6. How DOES THE AVERAGE TLMPERATURE GRADIENT OBTAINED IN
QUESTION 5 COMPARE WITH THAT OBTAINED FROM THE GRAPH?

7. ASSUMING THAT THE SAME GRADIENT PERSISTS WITH DEPTH, WHAT
WOULD BE THE TEMPERATURE AT THE CENTER OF THE EARTH? THE

DIAMETER OF THE EARTH IS APPROXIMATELY 12,800 KILOMETERS.)

CALCULATIONS:

8. IS THE ESTIMATE OBTAINED IN QUESTION 7 REASONABLE?
SUPPORT YOUR ANSWER



EARTH AND \HAT IT IS MADE OF
LEVEL: 8TH-12TH

ACTIVITY: IDENTIFICATION OF MINERALS

MATERIALS: MINERALS TO BE TESTED
MINEROLOGY BOOK SUCH AS
DANAIS MANUAL OF MINEROLOGY

LABORATORY ON MINERALS

WHAT IS A MINERAL? A MINERAL AND ITS PROPERTIES ARE DETERMINED

BY (1) CHEMICAL COMPOSITION THE KINDS OF ATOMS PRESENT), WHICH IS

FIXED WITHIN CERTA:N LIMITS AND (2) CRYSTAL STRUCTURE THE ARRANGE-

MENT OF THE ATOM;;). THOUGH MANY SUBSTANCES SATISFY BOTH THESE
REQUIREMENTS, UE CC NOT ORDINARILY REGARD THEM AS MINERALS UNLESS

THEY OCCUR IN A ,ATUFAL STATE.

PROPERTIES

COLOR
THE COLOR OF A MINERAL IS USUALLY NOTICED FIRST. THOUGH IMPOR-

TANT IT IS SELDOM DIAGNOSTIC BY ITSELF, AS MANY MINERALS VARY WIDELY

IN COLOR.

STREAK
THE CCLOR OF THE POWDER FROM A MINERAL IS CALLED THE STREAK.

To OBTAIN THE STREAK, RUB THE MINERAL ON A PIECE OF UNGLAZED PORCE-

LAIN OR MAKE A SMALL AMOUNT OF POWDER BY SCRATCHING THE SURFACE-OF

THE MINERAL WITH A wNIFE BLADE. MINERALS HARDER THAN THE PORCELAIN

OR KNIFE WILL LEA E NC STREAK, AND THE STREAK IN SuC CASES IS

USUALLY SAID TC BE WHITE.

HARDNESS
THE HARDNESS IS DETERMINEC BY SCRATCH TESTS. ON THE BASIS OF

THESE THE HARG%ESS SCALE HAS BEE;. SET ur.

TALC (3OFFCST OF ALL ROC':S)

"GYP3UM

CALCI."E

FLUORITE
APATITE
FELDSPAR

:4UARTZ

TOPA.:

3APPH1RE
DIAMOND

2

9
10

To ROUGHLY ESTIMATE THE HARDNESS OF MINERALS, THE FOLLOWING VALUES

ARE USEFUL.

FINGER NAILS----2.5
COPPER PENNY 3.0

KNIFE BLADE

GLASS
QUARTZ

5.5
5.5
7.o
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SPECIFIC GRAVITY
MINERALS VARY IN WEIGHT PER UNIT VOLUME. QUARTZ AND CALCITE

ARE LIGHT AND GOLD AND GALENA ARE HEAVY. AN EXACT MEASURE OF PHIS
PROPERTY IS CALLED SPECIFIC GRAVITY, AND IS DETERMINED BY DIVIDING
THE WEIGHT OF THE MINERAL BY THE WEIGHT OF AN EQUAL 'VOLUME OF WATER.
THUS, WHEN WE SAY THAT GOLD HAS A SPECIFIC GRAVITY OF 19, WE MEAN
THAT A CUBIC INCH OF GOLD WEIGHS 19 TIMES AS MUCH AS A CUBIC INCH
OF WATER.

CLEAVAGE AND FRACTURE
CERTAIN MINERALS HAVE A TENDENCY TO CLEAVE, PRODUCING A SERIES

OF SMOOTH FLAT SURFACES. A GOOD EXAMPLE OF A SINGLE CLEAVAGE WOULD
BE MICA. A CLEAVAGE IS THE RESULT OF A CRYSTAL STRUCTURE.

IF THE CRYSTAL 00ES NOT BREAK ALONG A CLEAVAGE SURFACE, IT MAY
FRACTURE. QUARTZ SHOWS NO CLEAVAGE BUT DOES HAVE A DISTINCTIVE
SHELLSHAPED FRACTURE CALLED A CONCHOIDAL FRACTURE.

MINERAL DESCRIPTION FORM

COLOR COLOR OF CLEAVAGE HARCNESS OTHER NAME AND , USES

STREAK OR CHARACTERISTIF'l CHEMICAL COMP. I

FRACTUR;_



CHANGES IN EARTH SURFACE
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EARTH SCIENCE- CHANGES ON EARTH SURFACE

PETROLEUM ENGINEER
GEOPHYSICS
OCEANOGRAPHER

ELEMENTARY TEACHER
TECHNICAL WRITER

AGRICULTURAL EXTENSION WORKER
FARM CROP PRODUCTION TECHNICIAN
FISH eg. WILDLIFE TECHNICIAN
ORCHARD TECHNICIAN

PARKS LAND MANAGEMENT TECHNICIAN
SOIL CONSERVATIONIST

STRUCTURAL STEEL WORKER

L 4/3

GEOLOGIST
METEOROLOGIST
SURVEYOR

TEACHER SECONDARY-COLLEGE
URBAN PLANNER

DAIRY PRODUCTION TECHNICIAN
FARMING
FORESTER

HORTICULTURIST
RANGE MANAGEMENT
SOIL SCIENTIST

IP
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CHANGES ON EARTH SURFACE
LEVEL; JUNIOR HIGH

ACTIVITY: INTRODUCTION TO CONTOUR MAPS

MATERIALS: CONTOUR MAP PRINT OUT
LAB ACTIVITY WORK SHEET

PROCEDURE:

itaiaaizlia..1
s c... 4 drf M. 4c3

;5O



1. DEFINE CCNTOUR LINE.

2. DEFINE CONTOUR INTERVAL.

3. WHAT IS THE CONTOUR INTERVAL OF THIS MAP?

4. NUMBER ALL THE CONTOUR LINES

5. WHAT IS THE SCALE OF MILES OF THIS MAP?

6. BY MEANS OF THE SCALE, MEASURE THE DISTANCE FROM THE TOP OF HILL
"B" TO THE TOP OF HILL "A".

7. WHICH SIDE OF THE HILL "A" HAS THE STEEPEST SLOPE?

8. How CAN YOU TELL WHETHER A LAND FORM HAS STEEP OR GENTLE SLOPES?

9. IN WHAT DIRECTION FROM HILL "A" IS HILL "B"?

10. WHAT IS THE ELEVATION ABOVE SEA LEVEL OF HILL "A"?

11.A WHICH OF THE TWO HILLS IS HIGHER? BHOW MUCH HIGHER?

12. IF YOU CLIMBED TO THE TOP OF HILL "B" FPOM C, HOW MANY FEET WOULD
YOU CLIMB?

13. IN WHAT DIRECTION IS (HE RED RIVER FLOWING?

14. HOW DOES A CONTOUR MAP SHOW THE DIRECTION IN WHICH A RIVER IS FLOWING?

15. SHADE THE AREA ON THE MAP WHICH WOULD BE UNDER WATER IF THE SEA LEVEL
ROSE 4o FEET.

,16. FIND THE GRADIENT OF THE RED RIVER FROM POINT D TO THE OCEAN.

17. CONSTRUCT A PROFILE FROM X TO Y AS FOLLOWS: DRAW A LINE ON THE MAP
FROM X TO Y. LAY A STRAIGHT EDGE OF A SHEET OF PAPER JUST UNDER THIS
LINE XY. MARK ON THE PAPER WHERE EACH CONTOUR LINE AND THE RED RIVER
BANKS INTERSECT THE EDGE. MARK THE ELEVATION OF EACH POINT ON THE
PAPER. ASSUME THE SURFACE ELEVATION OF THC RIVER IS 30 FEET. TRANS.*
FER THE MARKS AND FIGURES TO THE BASE LINE XY BELOW. PLOT THE ELEVA-
TION OF EACH OF THESE POINTS USING THE VERTICAL SCALE GIVEN BELOW.
LABEL THE TWO HILLS AND THE VALLEY.

200 FT.

12n

Fin

4o

.11- .....an

....

n

X

t mik4
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CHANGES ON EARTH SURFACE
LEVEL: JUNIOR HIGH .

ACTIVITY: LANDSCAPE EVOLUTION & DRAINAGE SYSTEMS

MATERIALS: DIE (CICE)
QUADRILLE PAPER
A MAP OF A DENDRITIC DRAINAGE PATTERN

IMAGINE RAIN FALLING ON A SMOOTH, SLOPING AREA OF THE EARTHtS SUR-

FACE. SOME OF THE DROPS SOAK INTO THE SURFACE, ANO OTHERS EVAPO-

RATE BACK INTO THE ATMOSPHERE. THE REST OF THE DROPS FLOW ALONG

THE SURFACE. EACH MOVES DOWNSLOPE UNTIL IT COMES TO SOME SMALL

OBSTACLE. WILL THE DROP THEN PASS TO THE LEFT OR TO THE RIGHT OF

I-1E OBSTACLE? IT IS NOT POSSIBLE TO PREDICT THIS. SUCH AN UNPRE-

DICTABLE EVENT IS SAID TO BE RANDOM. IN THIS INVESTIGATION YOU WILL

PRODUCE SOME RANDOM PATHS.

PROCEDURES:
A. SELECT ONE OF THE LONG SIDES OF THE PAPER TO REPRESENT DOWN-

SLOPE. REPRESENT THE DOWNSLOPE BY A SHORT ARROW DRAWN PAR-
ALLEL TO AND NEAR EITHER OF THE SHORTER SIDES OF THE PAPER.

B. PLACE ABOUT FORTY DOTS ON THE SHEET OF PAPER AS FOLLOWS:
EACH DOT SHOULD BE LOCATED AT A CORNER OF ONE OF THE SMALL
SQUARES RULED ON THE PAPER; THE DOTS SHOULD BE SPACED FAIRLY
UNIFORMLY, BUT THERE SHOULD BE NO ORDER OR PATTERN TO THEM.
THE DOTS WILL REPRESENT DROPS WHICH WILL MOVE DOWN THE SUR-
FACE ACCORDING TO THE FOLLOWING RULES:

1. IN ITS TURN EACH DROP IS MOVED ONE SPACE, AND ITS PATH
IS MARKED BY A PENCIL LINE ON THE PAPER.

2. BEFORE IT IS MOVED, THE DROPtS PATH IS DETERMINED BY
ROLLING THE DIE. A ROLL OF 1 OR 2 ON THE DIE DETERMINES
THAT THE PATH WILL BE DIAGONALLY DOWNSLOPE TO THE LEFT,
A 3 OR 4, THAT IT WILL SE DIRECTLY DOWNSLOPE, AND A 5 OR

THAT IT WILL BE DIAGONALLY DOWNSLOPE TO THE RIGHT.
(NOTE THAT THE NUMBER ON THE DIE INDICATE DIRECTION

ONLY, AND NOT DISTANCE.)
IN GENERAL, UPSLOPC DOTS SHOULD BE ROLLED FOR ANO MOVED

EiEFOR: LOWER DOTS ARE MOVED. Do NOT MOVE DOTS DOWNSLOPE

UNTIL ALL UPPER DOTS HAVE PROGRESSED DOWN TO THEIR LEVEL.

4. ONCE A DROP INTERSECTS THE PATH OR LOCATION OF ANOTHER
DROP, THE TWO MOVE TOGETHER, AND THEIR PATH IS REPRESENTED

BY TWO PENCIL LINES SIDE-BY.-SIDE. A SINGLE ROLL OF THE

DIE WILL DETERMINE THE DIRECTION OF THEIR JOINT MOVE.
IF A THIRD DROP JOINS IN, THE THREE WILL THEREAFTER MOVE
TOGETHER, AND THEIR PATH IS MARKED BY THREE PARALLEL
LINES, AND SO ON.

5. OTHER THINGS BEING EQUAL, LARGER AMOUNTS OF WATER MOVE
MORE READILY DOWN A SLOPE THAN DO SMALLER AMOUNTS. IN

ORDER TO ACCOUNT FOR THIS, THE LENGTH OF A MOVE IS DETER -

MINED BY THE NUMBER OF DOTS REPRESENTED IN THAT MOVE:
SINGLE DROPS MOVE ONE SPACE EACH ROLLS TWO TOGETHER
MOVE TWO SPACES IN THE DIRECTION DETERMINED BY A SINGLE

ROLL.

16,
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PROCEDURES:
C. ROLL THE DIE AND DRAW THE PATHS FOR THE DOTS UNTIL ALL HAVE

MOVED OFF THE SHEET. COMPARE YOUR RESULTS TO A MAP OF AN
ACTUAL DRAINAGE PATTERN OF DENDRITIC OR TRELLIS.

INTERPRETATIONS

1. IN WHAT WAYS DOES THE PATTERN PRODUCED BY MOVING THE DOTS
RESEMBLE THE DRAINAGE PATTERN OF A DENDRITIC SYSTEM?

2. IN WHAT WAYS DOES THE PATTERN YOU PRODUCED DIFFER FROM THB
DRAINAGE PATTERN OF A DENDRITIC SYSTEM?

3. HOW MIGHT THE RULES BE CHANGED TO PRODUCE A PATTERN THAT
CORRESPONDS MORE CLOSELY TO THE DRAINAGE PATTERN?



CHANGES IN EARTH SURFACE
LEVEL: 7TH -LOTH

ACTIVITY: GROWTH OF PLANTS IN DIFFERENT SOILS

PROBLEM:
YOU KNOW THAT THE GROWTH OF MOST PLANTS USUALLY DEPENDS ON THE

TYPE OF SOIL IN WHICH THEY ARE GROWN. THUS, SOME SOILS ARE MORE

FERTILE THAN OTHERS. WHAT ARE THE RESULTS OF GROWING THE SAME KINDS
OF PLANTS IN TOPSOIL AND IN SUBSOIL?

MATERIALS:
TWO LARGE FLOWERPOTS
SAMPLES OF TOPSOIL AND SUBSOIL

RADISH SEEDS

PROCEDURE:
LOCATE AN OPEN FIELD OR VACANT LOT WHERE THE GROUND HAS NOT BEEN

CULTFVATED, AND DIG DOWN TO OBTAIN SAMPLES OF THE SOIL. FILL ONE
FLOWERPOT WITH THE DARKER TOPSOIL FOUND A FEW INCHES BELOW THE SUR-
FACE OF THE GROUND. DIG DOWN DEEPER AND FILL THE SECOND FLOWERPOT
WITH SUBSOIL FOUND 12 INCHES OR MORE BELOW THE SURFACE.

PLANT ABOUT 15 RADISH SEEDS WHICH HAVE BEEN SOAKED IN WATER OVER-

NIGHT IN EACH FLOWERPOT. WATER BOTH POTS REGULARLY AND KEEP THEM
IN A WARM, LIGHTED CONDITION, BUT NOT IN DIRECT SUNLIGHT. OBSERVE

ANY DIFFERENCES IN THE GROWTH OF THE RADISH PLANTS.

OBSERVATIONS:
FILL IN THE FOLLOWING TABLE AND DRAW CONSLUSIONS.

PLANTS GROWN IN TOPSOIL PLANTS GROWN IN SUBSOILS

LLNGTH
:AVERAGEI

OF No OF AVERAGE AVERAGE No. OF AVERAGE' iIVERAGE AVERAGE

1GROWINCPLANTS HEIGHT No, OF DIAMETER ; PLANTS HEIGHT 1 No. OF DIAMETER

PERIOD GROWING OF LEAVES GF ROOTS 'CROWING OF LEAVES . OF ROOTS
PLANTS PLANTS

4 DAYS

6 DAYS

8 DAYS

I IC) DAYS

1 12 DAYS

, 14 DAYS

WHY ARE MEASURES TAKEN TO PREVENT EROSION OF FARM LANDS IMPORTANT AS

A MEANS OF PREVENTING THE LOSS OF SOIL FERTILITY?

z8



CHANGES IN EARTH SURFACE

LEVEL: JR. HIGH OR HIGH SCHOOL

ACTIVITY: MEASURE AMOUNT OF SOIL Loss

You CAN MEASURE HOW MUCH SOIL HAS BEEN ERODED AWAY IN SEVERAL

WAYS. You MAY WANT TO TRY ONE OF THE FOLLOWING IN YOUR NEIGHBORHOOD:

1. FIND A CULTIVATED FIELD WHERE THE SLOPE HAS AT LEAST A 5-

FOOT FALL IN 100 FEET OF HORIZONTAL DISTANCE. TRY TO FIND

A FIELD THAT HAS BEEN IN CULTIVATION FOR SOME TIME. You

CAN CHECK THIS INFORMATION ABOUT THE FARM WITH THE OWNER

OR THE NEIGHBORS.
DIG A SMALL HOLE DEEP ENOUGH TO GET BELOW THE TOPSOIL

LAYER. THEN CUT OFF A SLICE AN INCH OR MORE THICK ALONG
THE VERTICAL SIDE OF THE HOLE. LAY THIS SLICE ON THE

GROUND AND STUDY IT. NOTE THE DEPTH OF THE TOPSOIL LAYER.

STUDY THE STRUCTURE --HOW THE PARTICLES ARE HELD TOGETHER.
ARE THEY TIGHT AND DOES THE SOIL HOLD TOGETHER IN LARGE

LUMPS (CLODS)? OR IS IT CRUMBLY LIKE CAKE?
DIG ANOTHER HOLE IN THE FENCE ROW AT THE EDGE OF THE

FIELD OR JUST ACROSS THE FENCE IN A PASTURE THAT HAS NOT

BEEN PLOWED. TRY TO DIG THE SECON11 HOLE AT ABOUT THE SAME

POINT ON THE SLOPE AND AS CLOSE TO THE FIRST ONE AS POSSi3LE.

STUDY THE SOIL LAYERS AS YOU DID WITH THE FIRST SAMPLE.
LAY THE TWO SAMPLES SIDE BY SIDE AND COMPARE THEM. COMft

PARE THE DEPTH OF THE TOPSOIL LAYER AND THE STRUCTURE

OF THE SOIL.

2. FIND A FIELD WHERE THERE IS A FENCE BUILT ACROSS THE SLOPE.

COMPARE THE HEIGHT OF THE LAND AT THE FENCE ROW WITH THAT

IN THE FIELD DOWN THE SLOPE. To DO THIS ATTACH A STRING

TO A STAKE DRIVEN IN THE GROUND ABOVE THE FENCE ROW. FROM

A SPOT DOWN THE SLOPE, PULL THE STRING PARALLEL TO THE

GROUND LINE ABOVE THE FENCE AND MEASURE FROM IT TO THE

GROUND.

3. MEASURE THE rt:ZOWTH OF A GULLY. FIND ONE tHAT\IS CUTTING

DEEPER AND FARTHER INTO THE FIELD WITH EACH RAIN. DRIVE

WOODEN PEGS 10 TO 15 FEET ABOVE THE GULLY HEAD AND ON EACH

SIDE OF THE GULLY. AFTER EACH RAIN, MEASURE FROM EACH STAKE

TO THE NEAREST EDGE OF THE GULLY TO SEE HOW MUCH THE GULLY

HAS GROWN. Do THIS AFTER SEVERAL RAI:IS AND COMPARE YOUR

MEASUREMENTS TO SEE HOW MUCH THE GULLY HAS GROWN SINCE YOU

FIRST SET THE STAKES. BY MEASURING THE WIDTH, DEPTH, AND

LENGTh JF THE GULLY, FIGURE OUT HOW MANY CUBIC FEET OF

SOIL HAVE BEEN LOST.

INTERPRETATION:
SOIL WASHED FROM A FIELD IS NOT NECESSARILY LOST FOREVER. BUT

FOR ALL PRACTICAL PURPOSES IT WAY BE LOST FOR A VERY LONG TIME.

THE SOIL FILLS THE BOTTOM OF A LAKE, FOR EXAMPLE, IS STILL SOIL,

BUT IT IS USELESS FOR AGRICULTURE. SOIL THAT IS PILED DEEPLY AT THE

LOWER EDGE OF A FIELD COVERS OTHER SOIL, MAKING IT USELESS. AND SOIL

THAT IS CARRIED TO THE SEA M

10011

TaERE, TURN TO ROCK, AND LATER BE

RAISED FROM THE OCEAN FLOOR LOGIC ACTION TO SE BROKEN DOWN

AGAIN INTO SOIL. lb%
,

.-yRri, 1111



THE FIRST PERSON TO SUFFER FROM LOSS OF SOIL USUALLY, THOUGH
NOT ALWAYS, IS THE FARMER. MANY EXPERIMENTS HAVE SHOWN THAT IN
GENERAL THE DEEPER THE ORIGINAL TOPSOIL THE HIGHER THE YIELD OF CROPS.
IN MISSOURI TOPSOIL 12 INCHES THICK PRODUCED 64 BUSHELS OF CORN

PER ACRE WHILE TOPSOIL 4 INCHES DEEP PRODUCED J8 BUSHELS. THE SOILS

WERE SIDE BY SIDE AND RECEIVED THE SAME TREATMENT.
IN WASHINGTON, WHEAT YIELDED 35 BUSHELS PER ACRE ON TOPSOIL

11 INCHES DEEP, BUT ONLY 23 BUSHELS ON TOPSOIL 5 INCHES DEEP.
SO THE FARMER LOSES WHEN HE LOSES TOPSOIL. HIS CROP YIELDS

GO DOWN. THE COST OF PRODUCING EACH BUSHEL OF GRAIN OR POUND OF

MEAT GOES UP. AND, HE MAKES LESS MONEY OR EVEN LOSES MONEY.
PEOPLE WHO DO NOT LIVE ON THE LAND DEPEND ON THE FARMER TO GROW

THEIR FOOD. THE SURPLUS THAT HE GROWS BECOMES THEIR THREE MEALS

A DAY. ACTUALLY, WHOLE CIVILIZATIONS DEPENDION THIS SURPLUS.
THE PRIMARY PRODU0'RS**THE FARMERS - -MUST SUPPLY A SURPLUS OF FOOD,
CLOTHING, SHELTER> AND OTHER NECESSITIES BEFORE THE ARTISANS, ENGI-
NEERS, SCIENTISTS, PHILOSOPHERS, WRITERS, AND\OTHERS CAN LIVE.
FEW NATIONS EVER ADVANCED THEIR CIVILIZATION WHILE ALL THEIR PEOPLE
PRODUCED THEIR OWN FOOD, CLOTHING, AND SHELTER DIRECTLY FROM THE SOIL.

WE CAN FIND PLENTY OF EVIDENCE THAT COUNTRIES THAT LOST THEIR
ABILITY TO PRODUCE A SURPLUS ACTUALLY LOST THEIR CIVILIZATIONS TOO.
ALL ACROSS THE CONTINENT OF ASIA AND INTO EURORE AND NORTH AFRICA,
FOR EXAMPLE, YOU CAN FIND CENTERS OF FORMER CIVILIZATIONS THAT ARE

NOW AMONG THE BACKWARD AREAS OF THE WORLD. IT IS TRUE THAT CON-
QUERING HORDES THAT REPEATEDLY OVERRAN THESE COUNTRIES SACKED AND
RAZED THE CITIES BUT WHERE SOIL AND OTHER RESOURCES REMAINED THE
CITIES WERE USUALLY REBUILT. IT WAS ONLY AFTER 1HE LAND WAS DEPLETED
OR EXHAUSTED THAT THE FIELDS BECAME BARREN AND THE CITIES WERE NOT
REBUILT.

HOW BADLY HAS EROSION HURT AMERICA? ACCORDING TO THE BEST INFOR-
MATION WE NOW HAVE, 25 MILLION ACRES OF LAND ONCE\SUITABLE FOR
CULTIVATION HAS NOW BEEN LOST. EVERY YEAR WE ARE\LOSING ANOTHER
400,000 ACRES (0 EROSION AND 1CO,OCO ACRES TO WATERLOGGING, SALTING,
AND SEDIMENT DEPOSITION. IN ADDITION TO THESE LOSSES, EVERY YEAR
MORE THAN A MILLION ACRES ARE BEING TAKEN OUT OF AGRICULTURAL USE
AND PUT INTO HIGHWAYS, URBAN DEVELOPMENT, AIRPORTS, AND OTHER NON-

AGRICULTURAL USES.
WHAT ABOUT THE LAND WE NOW HAVE? OF OUR TOTAL,OF 478 MILLION

ACRES NOW IN CULTIVATION,- 121 MILLION IS\SUBJECT TO A CRITICAL RATE

OF DAMAGE. ANCTHER 128 MILLION IS SUBJECT TO SERIOUS DAMAGE.

`A: 86
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CHANGES IN EARTH SURFACE

LEVEL: JR. HIGH OR HIGH SCHOOL

ACTIVITY: THE FIELD TRIP TO STUDY THE CHANGES IN THE EARTHtS SURFACE

ALTHOUGH CERTAIN ASPECTS OF GEOLOGY CAN BEST BE TREATED IN THE
LABORATORY, IT IS STILL AS TRUE AS EVER THAT THIS IS A FIELD SCIENCE.

To THE BEGINNER IN GEOLOGY, THE FIELD TRIP IS SUPERIOR TO THE VAR-

IOUS VISUAL AIDS USED IN THE CLASSROOM.

IT IS IMPORTANT THAT EACH MEMBER OF THE CLASS DISCOVER THE RE-

QUIRED INFORMATION FOR HIMSELF. SYSTEMATIC NOTE TAKING IS ESSENTIAL

AS IS THE COLLECTION OF ROCKS, MINERALS, AND FnSbILS, WHICH SHOULD

BE LABELED. Go AS A DISCOVERER, NOT AS ONE TO BE SHOWN. RECORD IN

YOUR MIND AND IN YOUR FIELC NOTEBOOK WHAT YOU YOURSELF SEE, NOT WHAT

SOMEBODY ELSE TELLS YOU HE SEES, NOR WHAT ANOTHER SUGGESTS YOU OUGHT

TO SEE. ASK FOR THE INSTRUCTOR'S HELP IF YOU FAIL TO SEE WHAT OTHERS

SEE.

IT IS OBVIOUSLY IMPOS:ABLE TO OBSERVE GEOLOGICAL PHENOMENA IN

THE SAME ORDER AS THAT IN WHICH THEY ARE TREATED IN THE CLASSROOM

AND LABORATORY. FACTS WHICH MAY NOT AT THE TIME BE UNDERSTOOD MUST

THEREFORE BE KEPT IN MIND UN-IL THE APPROPRIATE POINT IS LATER

REACHED WriEN THEY MAY SERVE AS ILLUSTRATIVE MATERIAL OR AS THE

BASIS,. FOR CONCLUSIONS. FOR THESE REASONS CAREFUL FIELD NOTES SHOULD

BE TAKEN AND SHOULD BE CONFINED, IN GENERAL, TO STATEMENTS OF OBJECTS

AND RELATIONSHIPS ACTUALLY OBSERVED. YOUR NOTES SHOULD BECOME A

PART OF THE CLASS NOTEBOOK.

THE FOLLOWING GENERAL QUESTIONS ARE TO SE ANGtERED FOR EACH TRIP:

I. PURPOSE

2. V,HAT IS THE GECGRAPHIC LOCATION OF THE AREA?

3. DESCRIES THE T PO.,RAPHY OF THE AREA, I.E. FLAT, UNDULATING,

PLATEAU, MCUNTAIN'AIS, cILLY, AND ITS DRAINA(,:.
1

e

4,, WHAT IS THE IHY.,10GRAPHIC AGE CF THE REGICN

5. WHAT PHYSIGGRAPHIC DEVELOPMENT: MAY OCCUR IN THIS REGION:

GIVE REASONS.

6. WHAT IS THE GEOLOGIC HISTORY OF THE AREA.'

7. Docs THE AREA HAVE ANY ECONOMIC IMPORTANCE? WHAT IS IT?



CHANGES IN EARTH SURFACE

LEVEL: JR. HIGH OR HIGH SCHOOL

ACTIVITY: INVESTIGATING CHANGE

MATERIALS: PIECE OFHALITE, LARGER THAN 1 CM.

THIS ENABLES THE STUDENT TO INVESTIGATE THE VARIETY OF CHANGES
A SINGLE SUBSTANCE CAN UNDERGO ANO TO RELATE SOME OF THE PROCESSES

PRODUCING THESE CHANGES TO NATURAL EARTH CHANGES.

CAUTION
1, DOWOT TELL STUDENT WHAT THE MATERIAL IS:

2. CAUTION STUDENTS TO PRACTICE CCVMON SAFETY PROCEDURES WHEN HE

CHANGES HIS EARTH MATERIAL.

PROCEDURE:
TELL THE STUOENT THAT HE IS TO TRY TO CHANGE THE EARTH MATERIAL

IN AT LEAST THREE WAYS. LEAVE THE METHODS UP TO HIM. (YOU MAY

WISH THE STUDENT TO TAKE THE MATERIAL HOME.) HAVE EACH STUDENT

SUBMIT A REPORT FOR CLASS DISCUSSION.

THE STUDENT'S RESULTS MAY INCLUDE DISSOLVING IN WATERS FREEZING,

CRUSHING, HEATING ETC.

WHY WOULO THE PEOPLE IN AGRICULTURE, GEOLOGY, GEOPHYSICS AND
RELATEO FIELDS BE INTERESTED IN UNDERSTANDING HOW EARTH MATERIALS

CHANGE?
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EARTH SCIENCE ANCIENT EARTH HISTORY

ANTHROPOLOGY GEOLOGIST

GEOPHYSICS OCEANOGRAPHER

ELEMENTARY TEACHER TEACHER SECONDARYSOLLEGE

TECHNICAL WRITER
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ANCIENT EARTH HISTORY

LEVEL: JUNIOR HIGH

ACTIVITY: INTERPRETATION OF ROCK LAYERS

MATERIAL: LAB ACTIVITY SHEET WITH DIAGRAM

PROCEDURE: STUDY THE DIAGRAM. NUMBER THE SEDIMENTARY ROCK LAYERS

ACCORDING TO AGE, STARTING WITH THE OLDEST AS #1. THEN ANSWER THE

QUESTIONS.

LIMESTONE SHALE
CEED

CONGLOMERATE SANDSTONE

1. WHICH OF THE TWO DIKES IS THE OLDEST?

IGNEOUS

CAN YOU DETERMINE THIS FACT FROM THE DIAGRAM?

How

2. EXPLAIN THE GEOLOGIC HISTORY OF THIS REGION. INCLUDE AS MUCH

DESCRIPTIVE DETAIL AS POSSIBLE.

3. WHICH OF THE LAYERS REPRESENT SHALLOW WATER DEPOSITS?
WHICH OF LAYERS REPRESENT DEEP WATER

DEPOSITS?

4. WHAT OCCUPATIONS CAN YOU NAME WHERE A PERSON MIGHT DO THIS TYPE

OF ACTIVITY?
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ANCIENT EARTH HISTORY
LEVEL: JUNIOR HIGH

ACTIVITY: INTERPRETING EVIDENCE

MATERIALS: FIRECLAY OR PATCHING PLASTER
PAPER DISHES
ASSORTED OBJECTS

STUDENTS ARE SOMETIMES SKEPTICAL OF RECONSTRUCTIONS MADE FROM FOSSIL
EVIDENCE. DEVELOPMENT OF SUCH RECONSTRUCTIONS DEPENDS MORE UPON DE
DUCTION AND PAST SCIENTIFIC WORK THAN UPON PURE GUESSWORK, AND STU .

DENTS MAY BE MADE AWARE OF THIS THROUGH ATTEMPTING SOME RECONSTRUC
TIONS OF THEIR OWN. THROUGHOUT THE RECONSTRUCTION PROCESS, STUDENTS
-SHOULD BE ASKED TO DISTINGUISH BETWEEN THEIR OBSERVATIONS AND THEIR
DEDUCTIONS DRAWN FROM THE OBSERVATIONS. THEY MAY, THUS, BECOME MORE
AWARE OF THE AMOUNT OF DEDUCTION WHICH IS INVOLVED IN EVERYDAY OPEN
ANDSHUT CONSLUSIONS THEY MAKE. AND THEY MAY ALSO BETTER APPRECIATE
THE PROCESSES BY WHICH PALEONTOLOGISTS, ARTISTS, AND OTHERS WORKING
WITH FOSSILS PROUUCE THE SKETCHES AND DESCRIPTIONS OF ORGANISMS
WHICH LIVED IN THE PAST.

PROCEDURES:
A. PREPARE A SET OF IMPRINTS OF A TIRE PRINT, TOP OF A FULL

POP CAN, SCREWS & BOLTS, & A TWISTED ROPE. PLACE AN IDENT
.IFYING NUMBER ON EACH IMPRINTED PLATE.

B. SHOW ONE OF THE OBJECTS, SAY A TIRE PRINT, TO THE CLASS AND
INVITE DISCUSSION ABOUT IT. THIS WILL ALLOW THE STUDENTS TO
RECOGNIZE THE TYPES OF OBSERVATIONS, INTERPRETATIONS, AND
CONCLUSIONS WHICH MIGHT BE MADE CONCERNING EACH SPECIMEN.

C. IN THEIR NOTEBOOKS STUDENTS SHOULD WRITE THE NUMBER OF THE
IMPRINT AND NOTES CONCERNING IT FOR REFERENCE IN DISCUSSION.
SUGGESTED DISCUSSION POINTS FOR FOUR IMPRINTS ARE AS FOLLOWS:

SAMPLE DISCUSSION POINTS:
1. A GEOMETRIC DESIGN, PROBABLY A TIRE PRINT: IT MAY HAVE BEEN

MAOE BY A WHEELED VEHICLE OR SIMPLY BY A TIRE. IN MANY PARTS

OF THE WORLD, OLD TIRE SECTIONS ARE MADE INTO SANDALS, SO THE
PRINT MAY HAVE BEEN MADE BY A PERSON WALKING. THE NATURE OF

THE "VEHICLE" (AUTOMOBILE, BICYCLE, MOTORCYCLE, AIRPLANE)

MIGHT BE DEDUCED BY SOMEONE FAMILIAR WITH TREAD DESIGNS.
THE PATTERN OF WEAR ON THE TREAD MIGHT GIVE SOME INDICATION
OF THE PARTICULAR VEHICLE INVOLVED, JUST AS A TRACKER MAY
BE ABLE TO RECOGNIZE AN ANIMAL WITH A LIMP. THE SPACING

OF THE PRINTS, IF 'KNOWN, MIGHT GIVE INSIGHT INTO THE NATURE
OF THE VEHICLE (OR THE PEDESTRIAN WEARING SANDALS), JUST
AS GROUPS OF FOSSIL FOOTPRINTS TELL MORE ABOUT THE SIZE AND
GAIT OF THE ANIMAL INVOLVED THAN DOES A SINGLE PRINT.

2. A CIRCLE WITH DESIGN WITHIN: STUDENTS MAY KNOW, FROM THEIR
EXPERIENCE WITH SOFTDRINK CANS, THAT THIS IMPRINT COULD HAVE

BEEN MADE BY SUCH A CAN. THEY SHOULD NOTE THAT ONLY THEIR
EXPERIENCE WITH REAL CANS ALLOWS THEM TO INTERPRET THE PRINT.
IN THEORY THE PRINT COULD HAVE BEEN MADE BY A DISK ONLY A
FEW CENTIMETERS THICK OR BY THE END OF A CYLINDER MANY METERS

i



LONG. IT IS FAMILIARITY WITH SOFT -DRINK CONTAINERS WHICH
WILL SUGGEST TO MOST OBSERVERS THAT A CAN WAS INVOLVED.

THE EXISTENCE OF THE PULL TOP, INTACT, SUGGESTS THAT THE
CONTAINER WAS FULL, BUT IT IS POSSIBLE THAT IT WAS OPENED
WITH A CAN OPENER AT THE OTHER END. PRESENCE OR ABSENCE
OF A SEAM MIGHT INDICATE WHETHER THE CAN WAS MADE OF ALU
MINUM OR STEEL. SINCE ALUMINUM CANS HAVE BEEN INTRODUCED
RELATIVELY RECENTLY, THE LACK OF A SEAM MIGHT SUGGEST A
DATE PRIOR TO WHICH THE IMPRINT COULD NOT HAVE BEEN MADE.

A GROCERY CLERK, FAMILIAR WITH VARIOUS CANNED BEVERAGES,
MIGHT BE ABLE TO TELL WHAT BRAND IT WAS OR ELIMINATE BRANDS
IT COULD NOT HAVE BEEN. A STUDENT LACKING SUCH KNOWLEDGE
OFFHAND, MIGHT BE ABLE TO IDENTIFY THE PRINT BY COMPARING
IT TO CANS IN A MARKET. PALEONTOLOGISTS KEEP COLLECTIONS
OF FOSSILS IN MUSEUMS FOR MUCH THE SAME REASON.

3. A REGULAR PATTERN, PROBABLY THE IMPRINT OF A BOLT: EVEN
THOUGH THE OBJECT ITSELF IS NOT PRESENT, STUDENTS MAY SUGGEST
THAT IT WAS PROBABLY MADE OF METAL. THE METAL MIGHT HAVE
BEEN BRONZE OR STEEL, SINCE SOFTER METALS (SUCH AS LEAD AND
COPPER) ARE NOT OFTEN USED IN THE MANUFACTURE OF BOLTS.

CLOSE INSPECTION OF A HIGH QUALITY IMPRINT MIGHT SHOW
THREAD WEAR, CROSS THREADING, STRIPPING, OR OTHER EVIDENCE
OF USE.

BOLTS OF VARIOUS DESIGNS ARE COMMONLY USED FOR DIFFERENT
PURPOSES. A WOOD SCREW IS OF DIFFERENT SHAPE THAT A MACHINE
SCREW OR A METAL SCREW. CARRIAGE BOLTS, WITH SQUARE SHANKS,
ARE OFTEN EMPLOYED FOR JOINING WOOD TO METAL.

DIMENSIONS OF THE BOLT MIGHT TELL WHETHER IT WAS OF
AMERICAN OR EUROPEAN MANUFACTURE. THE RELATIONSHIPS BETWEEN
HEAD AND BODY SIZES OF BOLTS HAVE CHANGED PERIODICALLY.
KNOWING THIS AND GIVEN ACCESS TO NEW AND OLD CATALOGS, A
STUDENT MIGHT BE ABLE TO DATE THE BOLT WITHIN, PERHAPS,
TWENTY YEARS.

THE SIZE OF THE BOLT SUGGESTS THAT IT WAS INTENDED TO
JOIN PIECES OF MATERIAL A FEW CENTIMETERS THICK AND NOT
LARGE GIRDERS OR THIN SHEETS OF METAL.

4. A REGULAR, REPEATED PATTERN, PROBABLY A TWISTED ROPE: A

MICROSCOPIC EXAMINATION OF THE CAST MIGHT GIVE EVIDENCE AS
TO WHETHER THE ROPE WAS OF SMOOTH, SYNTHETIC FIBER, OR
ROUGHER, NATURAL FIBER. THE NATURE OF THE FIBER WOULD GIVE
A ROUGH INDICATION OF THE ROPE'S WORKING STRENGTH AND POS-
SIBLE APPLICATION. IT WOULD ALSO GIVE, IN SOME CASES, A CLUE
TO THE AGE OF THE ROPE. ROPES OF NATURAL FIBER (HEMP AND
MANILA) HAVE BEEN USED FOR MANY YEARS AND ARE STILL BEING
PRODUCED, WHEREAS SYNTHETIC ROPES WERE NOT COMMON UNTIL
TWENTY -FIVE YEARS AGO. WORKING WITH FOSSILS, PALEONTOLO-
GISTS ARE STILL MORE LIKELY TO SOLVE PROBLEMS IN DATING
IN THE OPPOSITE SENSE: THE APPEARANCE OF A NEW TYPE (E.G.,
SYNTHETIC ROPE) IS USED AS A RELATIVE DATE (TWENTY -FIVE
YEARS AGO, OR LATER THAN NATURAL FIBERS).

STUDENTS MAY SEE THAT COLLECTIONS OF IMPRINTS, OF THE
SAME OR OF VARIOUS TYPES OF ITEMS, SUPPLY MORE EVIDENCE
FOR DATES THAN SINGLE, ISOLATED FENDS DO.
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KNOWLEDGE OF THE LOCALE !N WHICH THE SPECIMEN WAS COLLECTED
IS USEFUL. AN IMPRINT FOUND NEAR A SHORELINE MIGHT REPRESENT
A PIECE OF LINE USED TO TIE UP A BOAT, WHEREAS AN IMPRINT
FROM NEAR A DEEPLY RUTTED MUDHOLE ON A BACK ROAD WOULD SUG-
GEST A TOWROPE.

DIFFERENT ROPES ARE MADE FOR DIFFERENT USES; THEY MAY
HAVE THREE OR FOUR LAID (TWISTED) STRANDS; THEY MAY BE OF
BRAIDED OR WOVEN MATERIALS OR OF CONTINUOUS FIBERS ENCLOSED
IN SHEATHS.

KNOTS IN THE ROPE WOULD GIVE FURTHER CLUES AS TO THE USE
OF THE ROPE, AND FRAYED OR BROKEN STRANDS WOULD SUGGEST THE
AMOUNT OF USE BEFORE THE IMPRINT WAS MADE.

FROM THESE AND OTHER EXAMPLES STUDENTS MAY, QUITE CORRECTLY,
REACH THE CONSLUSION THAT THERE IS A GREAT DEAL OF "DETECTIVE WORK"
INVOLVED IN INTERPRETING IMPRINTS, BUT THAT IT CAN BE LOGICALLY AND
INTELLIGENTLY DONE. PERHAPS THE POINT TO BE MADE IS THAT THERE IS
A LOT OF DEDUCTION INVOLVED IN EVERYDAY, NONSCIENTIFIC LIFE. THE
DIFFERENCE BETWEEN THE SCIENTIST AND THE NONSCIENTIST IS NOT THAT
ONE GUESSES AND THE OTHER DOES NOT. IT IS MORE THAT THE SCIENTIST
IS AWARE OF THE FACT THAT HE IS MAKING DEDUCTIONS, WHEREAS THE
NONSCIENTIST MAY FALL INTO THE TRAP OF CONSIDERING COMMONLY MADE
DEDUCTION TO BE FACTS OR OBSERVATIONS.

AN INTERESTING DISCUSSION CAN BE BUILT AROUND THE QUESTION,
WHAT THINGS IN YOUR DAILY LIFE DO YOU KNOW AS FACTS WITH ABSOLUTELY
NO GUESSWORK OR DEDUCTION INVOLVED? YOU MAY WISH TO RECALL CLASS
DISCUSSION IN SECTION ONE OF STATEMENTS THAT ARE BASED ON FACT OR
BASED ON MODELS.
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RANGE OF RESULTS
AN IMAGINATIVE STUDENT SHOULD DEVELOP SEVERAL DEFENSIBLE.NY,

POTHESES. ONE OF THE MOST COMMON IS THAT TWO ANIMALS MET AND FOUGHT.
THERE IS NO REAL REASON TO ASSUME THAT ONE ANIMAL ATTACKED AND ATE
THE OTHER. CERTAIN LINES OF EVIDENCE-THE QUICKENED GAITS, CIRCULAR
PATTERN, AND DISAPPEARANCE OF ONE SET OF TRACKS - -DO SEEM TO BEAR
:THIS OUT. IT MIGHT, HOWEVER, HAVE BEEN A MOTHER PICKING UP HER BABY.
MANY EXPLANATIONS ARE POSSIBLE. THE DESCRIPTION AND TEMPERAMENT OF
THE ANIMALS INVOLVED ARE OPEN TO QUESTION. INDEED:, WE LACK THE

EVIDENCE TO SAY THAT THE TRACKS WERE MADE AT THE SAME TIME. THE

INTERMINGLING MAY BE EVIDENCE THAT BOTH TRACKS WERE MADE AT ONE
TIME, BUT IT COULD BE ONLY A COINCIDENCE. PERHAPS ONE ANIMAL
PASSED BY AND FLEW OFF, AND THEN THE OTHER CAME ALONG. WE STILL
CANNOT SAY.

SUGGESTED ADDITIONAL INVESTIGATIONS
You CAN HAVE MORE DISCUSSIONS ON INTERPRETING ZERIES OF EVENTS

USING ANIMAL PRINTS STUDENTS FIND OUT -OF -DOORS AND REPRODUCE FOR
THE CLASS. DON'T FORGET TO LOOK FOR HUMAN FOOTPRINTS.
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ANCIENT EARTH HISTORY

LEVEL: 8TH -9TH

ACTIVITY: INVESTIGATING A FOOTPRINT PUZZLE

ADVANCE PREPARATION:

MAKE AN OVERHEAD TRANSPARENCY OF THE FOOTPRINT PUZZLE. HAVE
A BLANK PIECE OF PAPER ON HAND TO MASK THE PUZZLE WHEN IT'S ON
THE PROJECTOR.

TIME REQUIREMENTS:
PRE -LAB 5 MINUTES
LAB 30 MINUTES
POST LAB 10 MINUTES

PRE LAB DISCUSSION:

SIMPLY POINT OUT TO THE STUDENTS THAT THEY WILL BE ATTEMPTING
TO RECONSTRUCT HAPPENINGS FROM THE GEOLOGIC PAST. IN THIS INVESTI
*dATION STUDENTS WILL FORM SEVERAL DEFENSIBLE HYPOTHESES. AS MORE
EVIOENCE BECOMES AVAILABLE THE HYPOTHESES MUST BE MODIFIED OR
ABANDONED*

NOTES ON PROCEDURE:

USE A BLANK PIECE OF PAPER TO SLIDE ACROSS THE TRANSPARENCY
AND REVEAL ADDITIONAL PUZZLE SECTIONS. BEGIN BY PROJECTING THE
FIRST PART OF GUIDE. BE RECEPTIVE TO ANY REASONABLE HYPOTHESES
STUDENTS OFFER TO EXPLAIN THE FOOTPRINTS. As you SHOW THE NEXT
SECTION OF THE TRANSPARENCY STUDENTS WILL SEE THAT THE FIRST
HYPOTHESES NEED TO BE MODIFIED AND NEW ONES PROBABLY CAN BE ADDED.

NEXT PROJECT THE COMPLETE PUZZLE AND ASK STUDENTS TO INTERPRET
WHAT HAPPENED. A KEY POINT FOR STUDENTS TO RECOGNIZE. !S THAT THE
CONCLUSION MUST BE BASED ONLY ON THOSE TENTATIVE HYPOTHESES THAT
STILL APPLY WHEN ALL 0: THE PUZZLE IS PROJECTED. ANY INTERPRETA
TION THAT IS CONSISTENT WITH AL.. THE EVIDENCE IS ACCEPTABLE.

SHOULD IT BECOME NECESSARY TO PROD THE STUDENTS' THINKING AND
STIMULATE THE DISCUSSION, THE QUE5TiONS OCLOW MAY HELP. STUDENTS
SHOULD GIVE EVIDENCE FOR THEIR ANSWERS.

1. IN WHAT DIRECTIONS DID THE ANIMALS MOVE?
2. DID THEY CHANGE THEIR SPEED AND D!RECTION?
3. WHAT MIGHT HAVE CHANGE(' THE FOOTPRINT PATTERN?

WAS THE LAND LEVEL OR IRREGULAR?
5. WAS THE SOIL MOIST OR DRY ON THE DAY THESE TRACKS WERE MADE?
6. IN WHAT KIND OF ROCK WERE THE PRINTS MADE?
7. WERE THE SEDIMENTS COARSE OR FINE WHERE THE TRACKS WERE MADE?

THE ENVIRONMENT OF THE TRACK AREA SHDULD ALSO BE DISCUSSED. IF

DINOSAURS MADE THE TRACKS, THE CLIMATE PROBABLY WAS WARM AND HUMID*
IF STUDENTS PROPOSE THAT SOME SORT OF OBSTRUCTION PREVENTED THE
ANIMALS FROM SEEING EACH OTHER, THIS MIGHT SUGGEST VEGETATION. OR
PERHAPS THE WIDENED PLACE MIGHT SUGGEST A SLOPE. SPECULATE ON THE
CONDITION OF THE SURFACE AT THE TIME THE PRINTS WERE MADE. WHAT
CONDITIONS WERE NECESSARY FOR THEIR PRESERVATION?
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ANCIENT EARTH HISTORY

LEVEL: JR. HIGH OR HIGH SCHOOL

ACTIVITY: MAKING ARTIFICIAL SEDIMENTARY ROCK

FOSSILS ARE MOST FREQUENTLY FOUND IN SEDIMENTARY ROCKS. SUCH ROCKS

WERE FORMED BY LAYERS OF SEDIMENT LAID DOWN MILLIONS OF YEARS AGO.
THE FOLLOWING ACTIVITY WILL HELP YOU UNDERSTAND HOW SEDIMENTS SETTLE

IN WATER TO FORM LAYERS.

PROCEDURE:
OBTAIN A LARGE, TALL JAR. MIX SOME COARSE SOIL, SAND, OR GRAVEL _A)

WITH SOME FINER SAND AND SOIL. FILL THE JAR WITH WATER AND THEN
POUR THE MIXTURE INTO IT. ALLOW THE JAR TO STAND FOR SEVERAL DAYS
OR UNTIL THE WATER ABOVE THE SETTLED PARTICLES IS COMPLETELY CLEAR.
NOTE THAT THE COARSE, HEAVY PARTICLES SETTLED TO THE BOTTOM FIRST.

ADD MORE OF THE SAND, SOIL, GRAVEL AND WATER MIXTURE. ADD

ADDITIONAL LAYERS UNTIL THE JAR IS NEARLY FILLED. THE LAYER STRUC
TURE IS EASILY OBSERVED THROUGH THE GLASS.

AN ARTIFICIAL SEDIMENTARY ROCK CAN BE MADE BY REPEATING THE
PROCEDURE DESCRIBED ABOVE AND APIDING A LITTLE CEMENT TO EACH MIXTURE
or SAND, SOIL, GRAVEL, AND WATER. UNDER NATURAL CONDITIONS CERTAIN

MATERIALS ARE PRESENT THAT ACT AS THE CEMENT.
WHEN A JAR WITH CEMENT ADDED TO THE LAYERS i3 FULL, INVERT IT

AND ALLOW IT TO DRY THOROUGHLY. Now BREAK THE JAR AND REMOVE THE

ARTIFICIAL SEDIMENTARY ROCK. BRING THE ROCK TO CLASS AND COMPARE

IT WITH OTHERS MADE BY YOUR CLASSMATES.
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ANCIENT EARTH HISTORY
LEVEL: JR. HIGH OR HIGH SCHOOL

ACTIVITY: You CAN'T SEE THE FOREST FOR THE ROCKS (MAKING A FOSSIL
IMPRESSION)

WE LIVE IN A WDRLD THAT IS FULL DF MANY, MANY DIFFERENT KINDS
OF LIVING THINGS. THERE ARE PEOPLEAND PENGUINSAND PORCUPINES
AND PINE TREESAND PARAMECIA.

WE FIND ORGANISMS LIVING IN A DROP OF WATERIN AN INCH OF SOIL
AND ON MOUNTAIN TOPS.

EVEN THOUGH THERE ARE MANY DIFFERENT KINDS OF LIVING THINGS,
YOU HAVE PROBABLY DISCOVERED THAT: ALL LIVING THINGS ARE COMPOSED
OF CELLS. AND ALL LIVING THINGS CAN BE CLASSIFIED INTO RELATED
GROUPS.

THESE STATEMENTS LEAD US TO SOME VERY IMPORTANT QUESTIONS. How
DID THE DIFFERENT KINDS DF LIVING THINGS COME TO BE? How SID THE
DIFFERENT KINDS OF LIVING THINGS COME TO BE SEPARATED INTO RELATED
GROUPS?

A. A DINOSAUR IN MY TANK?
MILLIONS OF YEARS AGO, THERE WERE ANIMALS CALLED DINOSAURS

THAT ROAMED THE EARTH. YET THESE DINDSAURS ARE NOT KNDWN TD BE
ALIVE TODAY. WHAT PPOOF DO WE HAVE THAT DINOSAURS EXISTED?

LET'S TAKE ANOTHER EX4MPLE0 THE GIRAFFE DID NOT ALWAYS HAVE
A LONG NECK AND LONG LEGS. IN FACT, AT ONE TIME THE GIRAFFE LOOKED
LIKE TODAYtS HORSE. BUT WHAT EVIDENCE DO WE HAVE TO PROVE IT?

YOU NOW HAVE SOME BACKGROUND FOR OUR PROBLEM. AS YOU HAVE
LEARNED, A SCIENTIST OFTEN MAKES A PREDICTION TO HELP FIND THE
POSSIBLE ANSWER OF A PROBLEM. THIS IS WHAT YOU ARE TO DO.

1. WHAT DO YOU THINK HAS BEEN HAPPENING TO LIVING THINGS
OVER MILLIONS AND MILLIONS OF YEARS?

You HAVE JUST MADE YOUR PREDICTION. BUT IT IS JUST AN EDUCATED
GUESS. YOUR GUESS MUST NOW BE TESTED. A SCIENTIST MUST PRODUCE
DATA OR EVIDENCE THAT WILL EITHER SUPPORT OR REJECT THE PREDICTION.

2. WHAT EVIDENCE DO YOU THINK SCIENTISTS HAVE THAT WILL
SUPPORT THE PREDICTION YOU MADE IN "1"?

B. IT'S PRESERVED IN ROCK

OBTAIN TWO BLOCKS OF MODELING CLAY. TAKE ONE BLOCK OF CLAY AND
DIP ONE OF ITS LARGE SURFACES IN A SOAP ,SOLUTION. LAY THIS BLOCK
ON THE TABLE WITH THE SOAPY SURFACE FACING UP.

OBTAIN A PLASTIC MODEL DF AN ANIMAL FROM THE TEACHER AND DIP
IT INTO THE SOAP SOLUTION. THEN PRESS THE MODEL HALFWAY DOWN INTO

THE CLAY BLOCK. IMAGINE THAT YDU ARE LDDKING AT AN ANIMAL THAT DIED
MANY MILLIONS OF YEARS AGO. Now DIP THE END OF A PENCIL INTO THE
SOAP SOLUTIDN AND PRESS IT INTO THE CLAY BLOCK SO THAT AN OPENING
WILL BE FDRMED FROM THE PLASTIC MODEL TO THE SDGE.
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DIP ONE OF THE LARGE SURFACES ON THE OTHER BLOCK OF CLAY INTO
THE SOAP SOLUTION. THEN PRESS THIS BLOCK ONTO THE FIRST BLOCK FIRMLY.
THIS SECOND BLOCK REPRESENTS SEDIMENT THAT BURIED THE DEAD ANIMAL.

USUALLY, MOST ORGANISMS THAT DIE ARE EITHER EATEN OR DESTROYED
BY DECAY. BUT SOMETIMES BURIAL IN SEDIMENT PRESERVES THE ANIMAL FOR
MILLIONS OF YEARS FROM DECAY AND THE ATTACK OF SCAVENGERS. THERE
ARE SCIENTISTS WHO LOOK FOR AND STUDY THESE PRESERVED ANIMALS.

CAREFULLY SEPARATE THE TWO HALVES. THIS ACTION WOULD NEVER HAPPEN
SO FAST IN NATURE, NORMALLY, THE EARTH WOULD SLOWLY WEAR AWAY OR
THE SCIENTIST WOULD CAREFULLY PICK AWAY AT THE SEDIMENT TO FIND
THIS HIDDEN TREASURE. WHAT YOU SEE INSIDE YOUR CLAY BLOCKS REPRESENTS
AN ANIMAL THAT HAS BEEN PRESERVED FOR MILLIONS OF YEARS.

3. WHAT DO YOU CALL AN ORGANISM OR A PART OF AN ORGANISM THAT
HAS BEEN PRESERVED FOR MILLIONS OF YEARS?

NOT ALL ORGANISMS ARE PRESERVED IN THIS WAY, HOWEVER.

REMOVE THE PLASTIC MODEL AND THE PENCIL. DIP THE SAME TWO SUR..
FACES IN THE SOAP AGAIN. Now PLACE THE TWO BLOCKS OF CLAY TOGETHER
IN ITS ORIGINAL POSITION.

USING THE MELTED WAX WHICH HAS BEEN PREPARED, POUR THE WAX INTO
THE HOLE AT ONE END OF THE BLOCKS. SET IT ASIDE TO DRY.

IN POURING WAX INTO THE CLAY, YOU ARE REPLACING THE ORIGINAL
MOLD OF THE ORGANISM WITH ANOTHER MATERIAL. IN NATURE, THIS SUB
STITUTION TAKES PLACE AS WATER AND CHEMICALS GRIP THROUGH TINY HOLES
IN THE SEDIMENT.

AFTER TWENTY MINUTES, CAREFULLY PRY APART THE TWO CLAY BLOCKS
TO REVEAL THE WAX CAST OR MODEL.

4. WHAT DOES THE CAST REPRESENT?

THIS IS ONLY ONE WAY IN WHICH PREHISTORIC ORGANISMS CAN BE
PRESERVED.

C. THE RECORD OF LIFE

5. WHAT DO YOU CALL AN ORGANISM, OR A PART OF AN ORGANISM, THAT
HAS BEENPRESERVED THROUGH TIME?

6. HOW DOES EXAMINING PREHISTORIC REMAINS HELP US TO UNDERSTAND
ABOUT THE PAST?

7. WHAT IS ONE FORM OF EVIDENCE THAT SCIENTISTS HAVE BEEN ABLE
TO "DIG UP" TO SUPPORT THE PREDICTION YOU MADE IN QUESTION
1?
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ANCIENT EARTH HISTORY
LEVEL: HIGH SCHOOL

ACTIVITY:
DEMONSTRATION

A COMMON TYPE OF FOSSILIZATION RESULTS WHEN THE HARD PARTS OF AN
ORGANISM HAVE ADDITIONAL MINERALS DEPOSITED IN THEIR PORE SPACES.
THIS PROCESS IS KNOWN AS PERMINERALIZATION PERMINERALtZATION CAN BE

DEMONSTRATED WITH A COMMON CELLULOSE SPONGE (A BRIGHTLY COLORED ONE IS
BEST) AND SOME PARAFFIN. MELT THE PARAFFIN AND SATURATE THE SPONGE WITH

IT. ALLOW THE PARAFFIN TO HARDEN AND EXAMINE THE SPONGE. CUT IT INTO
PIECES TO SEE INSIDE.

THE FARAFFIN IN THE VOIDS IN THE SPONGE HAS MADE IT MORE RESISTANT
TO PHYSICAL AND CHEMICAL CHANGE. THE PARAFFIN IS ANALOGOUS TO THE
MINERALS DEPOSITED BY GROUND WATER WHEN PERMINERALXZATION OCCURS.

DEMONSTRATION VI/ go.

CARBONIZATION IS ANOTHER COMMON TYPE OF FOSSILIZATION, ESPECIALLY
FOR PLANT REMAINS. EVEN THE MOST DELICATE STRUCTURES ARE RECORDED IN
CONSIDERABLE DETAIL BY THE THIN FILMS OF CARBON. ARTIFICIAL CARBON IM-

PRINT'S OF LEAVES CAN BE PREPARED AS FOLLOWS: EMBED A LARGE LEAF IN ABOUT

AN INCH OF CEMENT IN A DISPOSABLE PLATE. LET THE CEMENT DRY. BAKE

IT IN A HOT OVEN FOR TWO HOURS. BREAK IT OPEN WITH A SHARP BLOW ON THE

THIN EDGE OF THE CEMENT. A CARBONIZED IMPRESSION WILL BE VISIBLE.
IF YOU HAVE A DEMONSTRATION COLLECTION OF FOSSILS, COMPARE THE ARTIFICIAL
CARBON IMPRINT WITH A NATURAL CARBON IMPRESSION, HOW DO THESE DIFFER
FROM OR RESEMBLE EACH OTHER? WHICH OF THEM MORE CLOSELY RESEMBLES A
LEAF?
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ANCIENT EARTH HISTORY
LEVEL: 9TH

ACTIVITY: COMPARISON OF TEETH IN FOSSILS

PHOBLEHI:

YOU HAVE LEARNED THAT CLASSIFICATION AND RELATIONSHIPS OF
VARIOUS FORMS OF PLANT AND ANIMAL LIFE ARE BASED ON STRUCTURAL
SIMILARITIES. THE SKELETONS OF MODERN AND THE FOSSILIZED REMAINS
OF HORSELIKE ANIMALS HAVE BEEN STUDIED TO FIND SIMILARITIES*
FOR EXAMPLE, HOW COES THE TEETH STRUCTURE IN THESE SKELETONS COMPARE?

INVESTIGATION:

ACCORDING TO SCIENTIFIC EVIDENCE, MODERN HORSE (GENUS EQUUS)
DEVELOPED THROUGH A SERIES OF HORSELIKE ANIMALS FROM A PRIMITIVE
FORM (GENUS OROHIPPUS)-THAT EXISTED ON EARTH MANY MILLIONS OF YEARS
AGO. THE VARIOUS ANIMALS OF THIS SERIES ARE CLASSIFIED IN DIFFERENT
GENERA' AS SHOWN IN THE CHART ON THE NEXT PAGES BUT ALL OF THEM
ARE MEMBERS OF THE HORSE FAMILY (EQUIDAE). THE SPANS OR DISTANCE,
FROM THE SECOND PREMOLAR TOOTH TO AND INCLUDING THE THIRD MOLAR
TOOTH, HAS BEEN MEASURED IN MANY SKULLS OF THESE VARIOUS HORSELIKE
ANIMALS. THE AVERAGE RESULTS ARE SHOWN IN THE CHART ON THE NEXT
PAGE. (IT IS NOT NECESSARY TO LEARN THE SCIENTIFIC NAMES OF THE
VARIOUS ANIMALS.)
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INTERPRETATIONS:
IN THE FOLLOWING GROUPS OF STATEMENTS, PLACE THE LETTER OF THE

TERM WHICH CORRECTLY COMPLETES EACH STATEMENT IN THE SPACE PROVIDED.

1. THE EARLIEST FOSSILIZED REMAINS OF HORSELIKE ANIMALS SHOWN IN
THE CHART ARE THOSE OF (A) EPIHIPPUS, (B) PLIOHIPPUS, (C) OROHIPPUSA

(D) MESOHIPPUS.

2. THE FORM OF HORSELIKE ANIMAL THAT EXISTED ABOUT 30 MILLION YEARS
AGO IS CALLED (A) EPIHIPPUS, (B) PARAHIPPUS, (C) MESOHIPPUS, (D)
PLIOHIPPUS.

3 THE TOTAL INCREASE IN THE SPAN OF THE CHEEK TEETH OF HORSELIKE
ANIMALS SHOWN IN THE CHART IS ABOUT (A) 15 CM, (B) 13 CM, (C) 11 CM,

40) 9 cm.

4. THE MOST RAPID CHANGE IN THE SPAN OF THE CHEEK TEETH OF HORSELIKE
ANIMALS TOOK PLACE ABOUT (A) 5 -10 MILLION YEARS AGO, (B) 10 -15 MILLION

YEARS AGO, (C) 15 -20 MILLION YEARS AGO, (D) 20-25 MILLION YEARS AGO.

5. THE SPAN CF THE CHEEK TEETH IN THE MODERN HORSE COMPARED TO THE
EARLIEST HORSELIKE ANIMALS SHOWN IN THE CHART IS ABOUT (A) 8 TIMES

AS GREAT, (B) 6 TIMES AS GREAT, (C) 4 TIMES AS GREAT, (D) 2 TIMES AS

GREAT.

6. IN THE LAST 20 MILLIONYEARS, THE SPAN OF THE CHEEK TEETH IN HCRSE
LIKE ANIMALS INCREASED ON AN AVERAGE OF ABOUT (A) 5 CM, (B) 4 cm, (c)

3 CM, (D) 2 CM.

7. THE -LEAST CHANGE IN THE TEETH OF HORSELIKE ANIMALS TOOK PLACE 3E

TWEEN THE (A) EPtHIPPUS AND MESOHIPPUS (B) PARAHIPPUS AND MERYCHIPPUS,

(C) MERYCHIPPUS AND PLIOHIPPUS, (D PLIOHIPPUS AND EQUUS.

8. THE SPAN OF THE CHEEK TEETH IN HORSELIKE ANIMALS DOUBLED IN THE
PAST (A) 25 MILLION YEARS, (B) 20 MILLION YEARS, (C) 15 MILLION

YEARS, (D) 10 MILLION YEARS.

9 IN THE EARLY DEVELOPMENT OF HORSELIKE ANIMALS, THE SPAN OF THE
CHEEK TEETH INCREASED ABOUT 3 CENTIMETERS BETWEEN THE (A) MERYCHIPPUS

AND EQUUS, (B) PARAHIPPUS AND MERYCHIPPUS, (C) MESOHIPPUS AND PARA..

HIP PUS, (D) OROHIPPUS AND MESOHIPPUS.

10. IN COMPARING THE TIME IT TOOK FOR THE CHANGES IN THE SPAN OF THE

CHEEK TEETH IN HORSELIKE ANIMALS, THE INCREASE FROM 11.3 CM TO 8.3 CM,

WHEN COMPARED TO THE INCREASE FROM 8.3 CM TO 12.3 CM, TOOK ABOUT (A)

2 TIMES AS LONG, (B) 4 TIMES AS LONG, (C) 6 TIMES AS LONG, (D) 8 TIMES

AS LONG.
APPLICATION:
SKELETONS OF ANCIENT MANLIKE ANIMALS HAVE BEEN FOUND AND STUDIED BY SCIENTISTS.

DESCRIBE HOW THE LENGTH OF THE JAW IN THESE PRIMITIVE SKELETONS COMPARES WITH

THE LENGTH OF THE JAW IN MODERN MAN.
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EARTH SCIENCE - ATMOSPHERE-WEATHER

AIR TRAFFIC CONTROLLER
GEOGRAPHER
GEOPHYSICIST
MERCHANT MARINE
OCEANOGRAPHER
PILOTS

TEACHER SECONDARYCOLLEGE
COMPUTER OPERATORS
DAIRY PRODUCTION TECHNICIAN
FARMING
FISH CULTURE TECHNICIAN
FORESTERY PRODUCTION TECHNICIAN
ORCHARD TECHNICIAN
PARKS LAND MANAGEMENT TECHNICIAN
SOIL CONSERVATIONIST
FLIGHT ENGINEER
CEMENT MASON
ELECTRICAL REPAIRMAN
LINEMAN
PLUMBER & PIPE FITTER
SHEET METAL WORKER
STRUCTURAL STEEL WORKER
AIRPLANE DISPATCHER
POWER DISPATCHER
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ASTRONAUTS
GEOLOGIST
GROUND RADIO OPERATOR
METEOROLOGIST
PHOTOGRAPHER
ELEMENTARY TEACHER
TECHNICAL WRITER
AGRICULTURAL EXTENSION WORKER
FARM CROP PRODUCTION TECHNICIAN
FISH & WILDLIFE TECHNICIAN
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LIVESTOCK PRODUCTION TECHNICIAN
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TELEPHONE INSTALLER
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PLASTERER
ROOFER
STONE MASON
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ATMOSPHERE & WEATHER
LEVEL: JUNIOR HIGH

ACTIVITY: WHAT CONDITIONS AFFECT HEAT ABSORPTION BY SOIL?

MATERIALS: (PER TEAM)
THREE 500 ML BEAKERS
THREE THERMOMETERS
THREE CARDBOARD COVERS FOR BEAKERS
AT LEAST A 150 WATT LIGHT BULB WITH

SOCKET AND CORD

20

TWO PINTS OF DARK SOIL
ONE PINT OF LIGHTCOLORED SOIL
WATER
KNIFE

PROCEDURE:
A. FILL ONE BEAKER WITH LIGHTCOLORED, DRY. SOIL AND THE OTHER

TWO WITH DRY, DARK SOIL. LABEL THE BEAKERS A, 8, AND C.

B. POUR ENOUGH WATER IN ONE OF THE DARK SOIL SAMPLES TO MAKE

IT MUDDY4 STIR THE MIXTURE CONSTANTLY.

C. CUT A HOLE IN THE MIDDLE OF EACH CARDBOARD'COVER LARGE ENOUGH

TO PUSH A THERMOMETER THROUGH. PLACE A COVER OVER EACH
BEAKER AND PUSH THE THERMOMETER ABOUT HALFWAY INTO THE SOIL.

D. PLACE THE BEAKERS AROUND A 150WATT LIGHT BULB, ABOUT 3 ,

INCHES FROM THE BULB. BE SURE ALL THE BEAKERS ARE EQUALLY

DISTANT FROM THE BULB.

E. TAKE A READING, EVERY THREE MINUTES, OF EACH THERMOMETER
AND RECORD THE TEMPERATURE BELOW. REPEAT 10 TIMES.

WHAT DO WE SEE?
1. WITH THE INFORMATION YOU HAVE GOTTEN TOGETHER, MAKE A GRAPH

USING THE FOLLOWING SYMBOLS:

LIGHTCOLORED DRY SOIL
DARKCOLORED DRY SOIL 0 0 0

DARKCOLORED WET SOIL +

i I

i -. .4

,

PI
'

, _- -
-4- I

-

- I 1, _ _ A.._ . _ -_
41

TIME IN MINUTES



WHAT DO WE LEARN?

1. EXPLAIN THE PATTERN OF YOUR GRAPH.

2.7o

2. IN WHICH BEAKER DID THE TEMPERATURE RISE THE MOST? EXPLAIN

WHY THIS WAS THE CASE.

3. IN WHICH SOIL SAMPLE DID THE TEMPERATURE °ISE THE LEAST?
EXPLAIN WHY YOU THINK THIS WAS THE CASE.

4. IF YOU GOT WET IN THE RAIN, WOULD YOU FEEL COLD? WHY?

5. WOULD THE SAME KIND OF CHANGE HAPPEN TO THE SOIL SAMPLE THAT

WAS WET?

6. IN THE SUMMER IS IT BETTER TO WEAR LIGHT OR DARK CLOTHING?
WHY?

7. DOES THE COLOR OF CLOTHING WORN AFFECT BODY TEMPERATURE?

4IMEN

8. DOES THE COLOR OF SOIL AFFECT ITS TEMPERATURE? WHY?

.1111.
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STATION A

WIND DIRECTION SE N W NW

WIND SPEED (KNOTS) 1a-15 __.23-27 _.cALM. _2931 1-2 i

I CLOUD COVERAGE CLEAR OVERCAST OVERCAST CLEAR SCATTEREDOASCUR ED 1

! TEMPERATURE 77 26 78 '6o 8o 50

VISI:ALITY 20 MILES .1 MLLE .. _6_M.L.LES . 30 MLLES ....8 MILES 0 -- !

CURRENT
;WEATHER SNOW DRIZZLE .. ... . FOG I

. !

I DEW POINT 18 62 55 63 ' 49 i

PRESSURE 1034.5 998.6 1021.5. I 1005...6_ 1033.3 995.8_ I

1

;

PRESSURE
; CHANGE STEADY -5 +6 48 STEADY!

... .

PAST WEATHER e SNOW RAIN , THUNDER- . .. RA 1 N

STORM SHOWER

AMOUNT OF I

i.14113 :PRECIPITATION NONE ii .8 NONE
.

.6

3
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PROCEDURE:

CONSTRUCT STATION MODELS IN THE SPACES PROSDED. REFER TOTHE WEATHER
SYMBOL KEY AND SAMPLE STATION MODEL.

Auftrot lirrhyd
wens Cold Oft MIN
Foie foot het ford

0 0
No 1/10 2/10 4/10

5
5/10,11 *ids

Siloammo 0
7/i0 */10

Silo

&stool Poll

.01101110

lb. Shover

Obsood

.

Rio

14 r
r23.27

153-57

P33.37

r5042_ F2347

342, 1347

r414)

1121

LOT

271

MAWR SWAM KIT AND
MAINS STATION MOM

STATION MOON

mmeocol000 1NMawls

31wOlver

15$
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ATMOSPHERE WEATHER
LEVEL: HIGH SCHOOL

ACTIVITY: ABSORPTION AND RADIATION OF ENERGY: LAND AND WATER

PURPOSE: To SEE WHETHER LAND AND WATER DIFFER IN THE ABSORPTION
AND RADIATION OF HEAT ENERGY.

BACKGROUND:
THE CONTINENTS AND ISLANDS OF THE EARTH COMPRISE ONLY ABOUT ONE

FOURTH OF ITS SURFACE. THE REMAINING THREEFOURTHS IS WATER. IF

THESE TWO MATERIALSLAND AND WATERDIFFER IN THEIR ABILITY TO
ABSORB AND RETAIN THE HEAT ENERGY TRANSMITTED TO THEM BY THE SUN,
THIS WOULD EXPLAIN IN LARGE MEASURE THE GREAT DIFFERENCES IN THE
WEATHER AND CLIMATE OF COASTAL REGIONS AS AGAINST REGIONS IN CON
T1NENTAL INTERIORS.

IN THIS INVESTIGATION, WE SHALL COMPARE THE TEMPERATURE CHANGES
THAT OCCUR ON A SMALL "LAND" SURFACE AND A SMALL WATER SURFACE, FIRST
AS THEY ARE WARMED BY THE RADIATION FROM AN INCANDESCENT BULB SERVING
AS THE "SUN", AND THEN AS THEY COOL OFF AFTER THE SUN "SETS".

MATERIALS:
SMALL BEAKERS (ABOUT 250 C.C.) OR DEEP DISHES OR BOWLS; DESK LAMP
OR CLIPON LAMP; INCANDESCENT BULB (AT LEAST 100 WATTS); THERMOMETERS
(RANGE AT LEAST 00C TO 50°C, OR 32°F TO 122°F); RING STANDS AND
CLAMPS; SAND OR SOIL; WATER.

PROCEDURE:

TAKE TWO SMALL BEAKERS (OR DEEP DISHES OR BOWLS). HALF FILL ONE

BEAKER WITH WATER AT ROOM TEMPERATURE. FILL THE SECOND BEAKER WITH

SAND OR SOIL TO THE SAME LEVEL. PVT THE TWO BEAKERS CLOSE TOGETHER,
BUT NOT TOUCHING. PLACE THE ELECTRIC LIGHT (SWITCH OFF) DIRECTLY
OVER THE CENTER POINT BETWEEN THE TWO BEAKERS, ABOUT ONE FOOT ABOVE
THE WATER AND SOIL SURFACES.

PLACE ONE THERMOMETER IN THE SOIL WITH ITS BULB JUST BELOW THE
SURFACE. PLACE THE SECOND THERMOMETER AT EXACTLY THE SAME LEVEL
IN THE WATER. WHEN BOTH THERMOMETERS SHOW THE SAME READINGWHICH
SHOULD BE JUST ABOUT ROOM TEMPERATURERECORD THE READING IN THE
TABLE BELOW, SWITCH ON THE BULB, AND THEN RECORD THE READINGS OF
BOTH THERMOMETERS EVERY TWO MINUTES FOR TEN MINUTES.

AT THE END OF 10 MINUTES SWITCH OFF THE LIGHT. CONTINUE TO

RECORD THE THERMOMETER READINGS FOR 10 MORE MINUTES.
PLOT THE READINGS ON GRAPH PAPER, USING TWO DIFFERENT KINDS OF

LINE TO REPRESENT THE TWO DIFFERENT MATERIALS.

LIGHT ON LIGHT OFF

TIME Plms.) 0 2 4 6 13 10 12 14 16 1t3 20

WATER

LAND
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TEMP.

0°C

38

36

3k

32

30

28

26 -

-
22

0 2 4 6 8 10 12 14 16

TIME IN MINUTES

27y

101

97

- 94

90

- 86

- 82

79

72

68
18 20

ANALYSIS OF OBSERVATIONS:
1. ASCORPTION OF HEAT ENERGY

DID THE TWO MATERIALS WARM UP AT THE SAME RATE? If NOTE

WHICH WARMED UP FASTER? How MANY OF YOUR CLASSMATES (TEAMS)

HAVE RESULTS THAT AGREE WITH HOW MANY DIFFER?

ON THE BASIS OF THESE RESULTS, WHAT MAY YOU SAY REGARDING THE

RELATIVE ABILITY OF LAND AND WATER TO ABSORB RADIANT ENERGY?

2, R1D1tTioN or HEAT ENERGY
0:0 THC LAND AVD WATER COOL OFF AT THE SAME RATE? IF

NOT) WHiCH CCOLtD OFF FASTER?. How DLO YOUR CLASSMATES RESULTS

AGREE W/Tv YOURS?... ON THE BAStS OF THESE RESULTS WHAT CAN YOU

SAY nEGARD:NG 7HE PATE AT WHIcH LAND AND WATER LOSE HEAT? MEMO..111 *.WW
ktaAT REASONS ; 0U! GIVE FOR THE DIFFERENT RATES AT WHICH LAND AND

WATER ABEORD AM LOSE HEAT?

3. APPLICATION TO THE EARTH
WHAT CFFECT WILL THE DIFFERENT RATES OF HEATING AND COOLING Of

LAND AHD WATER HAVE ON THE SUMMER WEATHER OF INLAND PLACES AS COM

PARED WITH COASTAL PLACES?

WHAT EFFECT WILL THERE BE ON THEIR WINTER WEATHER?

4. WHAT CAREERS DO YOU THINK WOULD NEED TO BE FAMILIAR WITH THE

CONCEPT OF THIS ACTIVITY? LIST.

312.
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ATMOSPHERE - WEATHER
LEVEL: HIGH SCHOOL

ACTIVITY: WEATHER FORECASTING

PROBLEM:

FAIRLY RELIABLE WEATHER FORECASTS MAY BE MADE FROM YOUR UNDERSTANDINGS
OF THE PRINCIPLES OF WEATHER FORMATION AND YOUR KNOWLEDGE OF MEASURING
TECHNIQUES. THESE PREDICTIONS SHOULD NOT BE CONSIDERED VALID FOR MORE
THAN 12 TO 2k HOURS. HOW MAY AMATEUR WEATHER FORECASTS BE MADE?

MATERIALS:
EITHER AN ANEROID OR MERCURIACBAROMETER

CORRECTED FOR THE ALTITUDE WHERE THE
READING IS MADE

THERMOMETER
WIND VANE
HYGROMETER

PROCEDURE:

MAKE A TABLE ON SEPARATE SICEVS OF PAPER ON WHICH TO RECORD THE
FOLLOWING DATA AT LEAST ONCE EACII DAY FOR SEVERAL WEEKS:

Ai BAROMETER READING
9 DIRECTION OF MOVEMENT OF THE BAROMETER
C WIND DIRECTION
D

i

TYPE OF CLOUD FORMATION
RELATIVE HUMIDITY (OUTDOOR)

F TEMPERATURE

PROVIDE A COLUMN ON YOUR DATA TABLE FOR YOUR PREDICTION FOR EACH
DAY. IN THE NEXT COLUMN, RECORD WHAT THE ACTUAL WEATHER WAS FOR THAT
DAY AND COMPARE.THE TWO TO DETERMINE THE ACCURACY OF YOUR PREDICTION.
USING THE DATA GIVEN IN THE KEY BELOW, THE PREDICTION MAY EASILY BE
MADE.

INTERPRETATION:
A. CLOUD FORMATION

CUMULUS OR ALTOCUMULUS
CUMULONIMBUS
DENSE CIRRUS WITH HOOKED ENDS
ALTOSTRATUS FOLLOWING CIRROSTRATUS

B. BAROMETER TENDENCY
FALLING RAPIDLY
FALLING SLOWLY
RISING RAPIDLY
RISING SLOWLY

C. WIND
SW OT NW

SW TO NW
SW TO NW
SW TO NW
S TO SE
S TO SE
SE TO NE
SE TO NE

BAROMETER READING
STEADY AT 30.1
RISING ABOVE 30.1

STATIONARY ABOVE 30.2
FALLING FROM 30.2
FALLING SLOWLY FROM 30.2
FALLING RAPIDLY FROM
FALLING SLOWL
FALLING RAPIDL

WEATHER INDICATION
FAIR
RAIN OR THUNDERSTORM
RAIN
RAIN

WEATHER INDICATION
APPROACHING COLD FRONT
APPROACHING WARM FRONT
PASSING COL, FRONT
COLD AIR MASS IN AREA

0.2
.2

.2
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WEATHER INDICATION
AIR
FAIR FOLLOWED 8Y CHANGE
FAIR
FAIR WITH RISING TEMPERATURE
RAIN
RAIN, WINDS
RAIN
RAIN, WINDS



E TO NE FALLING SLOWLY BUT ABOVE 30

E To NE FALLING RAPIDLY BELOW 30
SE TO NE FALLING SLOWLY BELOW 30

SE TO NE FALLING RAPIDLY BELOW 30

S TO SW RISING SLOWLY
S TO E FALLING RAPIDLY
E TO N FALLING RAPIDLY
MOVING TO WEST RISING
AFTER STORM

314
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WINDY, OVERCAST
RAIN
CONTINUED RAIN
RAIN, WINO
FAIR

STORM
SEVERE STORM
CLEARING, FAIR, COOLER
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ATMOSPHERE WEATHER
LEVEL: HIGH SCHOOL

ACTIVITY: IT'S NOT THE HEAT; IT'S THE HUMIDITY

PROCEDURES:
A. CLEAN HANDS FOR SCIENCE

WE KNOW THERE IS WATER IN THE AIR; EVERY RAINSTORM TELLS US THAT.
WE HAVE SOME IDEAS ABOUT HOW IT GETS THERE. THE HINT COMES FROM
EVERY CLOTHESLINE. THE CLOTHES DO GET DRY. MAYBE DRYING CAN TELL
US SOMETHING ABOUT WATER ENTERING THE AIR.

MAKE YOUR HANDS EQUALLY WET. THEY SHOULD NOT BE DRIPPING.
KEEP YOUR LEFT HAND STILL AT YOUR SIDE. SWING YOUR RIGHT ARM AROUND
IN A CIRCLE. KEEP IT UP FOR AT LEAST THIRTY SECONDS.

1. NOW LOOK AT YOUR TWO HANDS. WHICH IS DRIER?

2. WHICH HAND IS COLDER?

THERE ARE MORE WAYS OF GETTING RID OF WATER THAN BY JUST WAVING
IT AWAY. ADD ABOUT 20 ML OF WATER TO A FLAMEPROOF DISH OR BEAKER.
PLACE IT OVER A BURNER AND HEAT IT.

3. AFTER A SHORT TIME, WHAT HAS HAPPENED TO THE WATER?

B. WET WIND, DRY WIND

WHEN WE WAVED WET HANDS AROUND, THE WATER WENT INTO THE AIR.
WHEN WE HEATED WATER, IT WENT INTO THE AiK. HOW CAN WE GET SOME
OF THIS WATER BACK?

TAKE A SHINY METAL CUP. FILL IT HALF FULL OF WATER. ADD
PIECES OF ICE UNTIL IT IS ALMOST FULL. NOW KEEP LOOKING AT THE
OUTSIDE SURFACE OF THE CUP.

4. WHAT HAPPENS AFTER A WHILE?

A CAR IS SOMETIMES WET EARLY IN THE MORNING EVEN THOUGH IT

DIDN'T RAIN.

5. WHAT DO YOU THINK HAPPENED TO THE CAR'S TEMPERATURE DURING
THE NIGHT?

SO DROPS OF WATER FORM ON COLD SURFACES. IT HAPPENS ON CARS
AND COLD CANS FROM THE REFRIGERATOR. IT EVEN HAPPENS ON EYEGLASS
LENSES. OUT WHAT HAPPENS WHEN IT RAINS? THERE ARE NO COLD METAL
CUPS UP IN THE AIR. WE SEE CLOUDS AND KNOW THEY BRING RAIN, SNOW,
AND HAIL. CLOUDS FORM IN AIR. AIR MAY BE WARM OR COLD. LET'S
COOL SOME AIR AND SEE WHAT HAPPENS.

FILL A JAR ABOUT ONEQUARTER FULL OF WARM WATER. TIE SOME
PIECES OF ICE IN A PIECE OF CHEESECLOTH. MAKE THE BUNDLE LARGER
THAN THE MOUTH OF THE JAR. PLACE THE BUNDLE OF ICE ON THE MOUTH
OF THE JAR AND OBSERVE THE JAR FOR ,A F MINUTES.

.
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6. WHAT IS HAPPENING INSIDE?

7. WHAT IS FLOATING AROUND IN THE AIR THAT MIGHT BE MISSING IN
THE JAR?

LIGHT A SPLINT AND LET IT BURN FOR A MOMENT. BLOW OUT THE

FLAME SO THE SPLINT GLOWS. LOWER THE GLOWING SPLINT INTO THE JAR
FOR 1 OR 2 SECONDS, THEN REMOVE IT. PLACE THE BUNDLE OF ICE ON

THE MOUTH OF THE JAR.

8. OBSERVE THE JAR FOR A FEW MINUTES. WHAT IS HAPPENING INSIDE?

9. WHAT DID WE DO TO THE AIR IN THE JAR TO GET THIS RESULT?

10. WHAT DID THE GLOWING SPLINT ADD FOR THE FOG TO FORM AROUND?



WATER AND 'SUPPLY
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EARTH SCIENCE WATER & SUPPLY

ARCHITECTS
PETROLEUM ENGINEER
GEOPHYSICIST
MERCHANT MARINE
ELEMENTARY TEACHER
TECHNICAL WRITER
FIREMAN
DAIRY PRODUCTION TECHNICIAN
FARMING

FISH CULTURE TECHNICIAN
FORESTERY PRODUCTION TECHNICIAN
ORCHARD TECHNICIAN
PARKS LAND MANAGEMENT TECHNICIAN
SOIL CONSERVATIONIST
POWER PLANT OPERATOR
BOILER FIREMAN
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ASTRONAUTS
GEOLOGIST
LANDSCAPE ARCHITECT
OCEANOGRAPHER
TEACHER SECONDARYCOLLEGE
URBAN PLANNER
AGRICULTURAL EXTENSION WORKER
FARM CROP PRODUCTION TECHNICIAN
FISH & WILDLIFE TECHNICIAN
FORESTER
LIVESTOCK PRODUCTION TECHNICIAN
HORTICULTURIST
RANGE MANAGEMENT
SOIL SCIENTIST
STATIONARY ENGINEER
POWER DISPATCHER
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WATER SUPPLY (UNDERGROUND)
LEVEL: JUNIOR HIGH & ABOVE

ACTIVITY: HOW LARGE A WATERSHED WOULD BE REQUIRED FOR YOUR TOWN?

MATERIALS: GEOLOGICAL SURVEY MAP WITH LOCATION OF GAGING
STATIONS IN YOUR AREA

SUMMARY OF STATISTICS PERTINENT TO THE GAGING
STATIONS YOU WANT TO USE

INTRODUCTION TO TEACHER: THIS ACTIVITY COULD BE A PART OF A
COMMUNITY UNIT ON WATER OR COULD BE A SEPARATE ACTIVITY. A

TEACHER WOULD NEED TO RELATE THIS ACTIVITY TO THEIR OWN LOCAL

SITUATION.

PROCEDURE:
ALL FRESH WATER ON THE SURFACE OF THE EARTH ONCE FELL AS

PRECIPITATIONRAINS SNOW, OR IN OTHER FORMS. PART OF THE

PRECIPITATION EVAPORATED AND RETURNED TO THE ATMOSPHERE AS
WATER VAPOR; PART OF IT WAS CONSUMED BY PLANTS AND VEGETATION
AND THROUGH THE PROCESS OF TRANSPIRATION RETURNED TO THE ATMO
SPHERE AS WATER VAPOR. WATER THUS RETURNED TO THE ATMOSPHERE
IS COMMONLY REFERRED TO AS "NATURAL WATER LOSS". IT IS THE

REMAINDER OF THE PRECIPITATION AFTER THIS NATURAL WATER LOSS
HAS BEEN SUBTRACTED, THAT FEEDS OUR STREAMS AND SUPPLIES MAN
WITH WATER FOR HIS MANY NEEDS.

HAS IT EVER OCCURRED TO YOU THAT WATER IS A FORM OF CROP,

LIKE CORN? YOU HAVE SEEN STATISTICS ON THE NUMBER OF ACRES OF
PRODUCTIVE LAND REQUIRED TO SUPPLY EACH PERSON WITH HIS NECES
SARY REQUIREMENTS OF FOOD. LIKEWISE, A CERTAIN NUMBER OF ACRES
OF LAND IS REQUIRED PER PERSON TO SUPPLY THE WATER NEEDS OF
THAT PERSON. AN INTERESTING ACTIVITY MIGHT BE TO DETERMINE
HOW LARGE AN AREA IN YOUR GENERAL VICINITY WOULD BE REQUIRED
TO SUPPLY YOUR TOWN OR COMMUNITY WITH WATER. SUPPOSE YOU LIVE

IN A TOWN OF 10,000 POPULATION, AND WE ASSUME THAT THE USE OF
WATER IS 100 GALLONS PER DAY PER CAPITA. YOUR TOWN WOULD USE

1,000,000 GALLONS PER DAY, OR 365,000,000 GALLONS PER YEAR.

YOUR PROBLEM IS TO DETERMINE THE WATERPRODUCTIVITY OF THE
LAND IN YOUR GENERAL VICINITY. THE GEOLOGICAL SURVEY CAN SUP
PLY YOU WITH A SMALL MAP OF YOUR STATE, SHOWING THE. LOCATION
OF GAGING STATIONS ON SOME OF THE PRINCIPAL STREAMS. A GAGING

STATION IS A POINT WHERE THE FLOW OF A STREAM IS ACTUALLY MEA
SURED WITH SPECIAL KINDS OF EQUIPMENT. A CONTINUOUS RECORD
OF THE FLOW IS KEPT, SO THAT IT IS POSSIBLE TO COMPUTE THE
VOLUME OF WATER THAT HAS PASSED THE GAGING STATION IN ANY ONE
DAY, MONTH, YEAR, OR WHATEVER PERIOD OF TIME IS DESIRED.

IN ADDITION TO THE MAP, THE GEOLOGICAL SURVEY CAN FURNISH
YOU A SHEET SHOWING THE NAMES OF THE GAGING STATIONS WHOSE
LOCATIONS ARE PLOTTED ON THE MAP, AND A SUMMARY OF THE STATIS
TICS PERTINENT TO THESE STATIONS. THE STATISTICS YOU WILL
WANT TO USE ARE DRAINAGE AREA AND AVERAGE DISCHARGE IN ACREFEET.
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BEFORE WE GO FURTHER, THESE TERMS SHOULD BE DEFINED. THE

TERM "DRAINAGE AREA" AS USED HERE MEANS THE AREA, EXPRESSED IN
SQUARE MILES, OF THE DRAINAGE BASIN ABOVE THE GAGING STATION.
A DRAINAGE BASIN CAN BE COMPARED TO AN IRREGULAR SHAPED BOWL
THAT IS OPEN ON ONE SIDE. THE MAIN STREAM OCCUPIES ROUGHLY THE
MIDDLE OF THE BOWL AND FLOWS OUT THROUGH THE OPEN SIDE. TRIB-
UTARY STREAMS FLOW DOWN THE SIDES OF THE BOWL IN THE GENERAL
DIRECTION OF THE MAIN STREAM, INTO WHICH THEY EVENTUALLY EMPTY.
"AVERAGE RISCHARGE" IS THE AVERAGE VOLUME OF FLOW, OVER A PERIOD
OF YEARS -- EITHER SOME SPECIFIED PERIOD, OR THE ENTIRE PERIOD
DURING WHICH RECORDS HAVE BEEN COLLECTED AT A GIVEN GAGING
STATION. AVERAGE DISCHARGE MAY BE EXPRESSED IN TERMS OF FLOW
STATED IN CUBIC FEET PER SECOND (CFS) OR IN ACRE -FEET PER YEAR.
AN "ACRE -FOOT" OF WATER IS THE AMOUNT OF WATER REQUIRED TO
COVER AN ACRE OF FLAT SURFACE TO A DEPTH OF ONE FOOT. HENCE
AN ACRE- FOOT.OF WATER IS EQUIVALENT TO 325,821 GALLONS.

TO,DEMONSTRATE HOW :MESE FIGURES CAN BE USED, SUPPOSE
YOU LIVE IN NORTH - CENTRAL OHIO, AND UPON EXAMINING THE MAP
YOU FIND THAT GAGING STATION 30, ON THE SANDUSKY RIVER NEAR
FREMONT, JA THE'NEAREST.STATION.. YOU WOULD. FIND THAT ITS
DRAINAGE AREA IS 1,2148, SQUARE MILES AND ITS AVERAGE DISCHARGE
IS 661,000 ACRE -FEET PER YEAR. DIVIDE 661,000 BY 1,2118 AND
YOU GET 530 ACRE -FEET PER SQUARE MILE PER YEAR AS THE AVERAGE
DISCHARGE OF SANDUSKY RIVER. HOWEVER, THESE COMPUTATIONS
ASSUME. THAT ALL THE FLOW OF THE MEAN, EVEN DURING FLOODS,
CAN BE STORED FOR LATER USE. IT IS NOT PRACTICABLE TO STORE
ALL THE FLOW,, FOR MANY REASONS. HENCE, IN ORDER TO MAKE THE

RESULTS-MORE REALISTIC, ASSUME THAT ONLY ONE -HALF THE 'COMPUTED

V:ELD CAN BE STORED. IN THIS EXAMPLES THEN, YOU WOULD ASSUME
THAT 265 ACRE+FEET PER YEAR IS AVAILABLE FOR STORAGE FOR'YOUR
MUNICIPAL taps.

To COMPUTE THE SIZE OF DRAINAGE BASIN NEEDED TO SUPPLY
YOUR HYPOTHETICAL TOWN WITH WATER, YOU NEED TO CONVERT THE
365,000,000.GALLONS PER YEAR USED BY YOUR TOWN TO ACRE -FEET
PER YEARS:AND THEN f;OMPARE THE RESULT WITH THE YIELD OF THE

SANDUSKY RIVER. DIVIDING 365,000,000 GALLONS PER YEAR BY
325,821 GALLONS PER ACRE -FOOT, 'YOU WOULD GET 1,120 ACRE -FEET

PER YEAR AS THE AMOUNT USED. THEN BY ASSUMING THAT A STREAM
IN YOUR GENERAL VICINITY YIELDS THE SAME AS THE SANDUSKY RIVER,
YOU CAN DIVIDE 1,120 ACRE -FEET PZR YEAR BY 265 ACRE -FEET PER
YEAR PER SQUARE MILE AND OBTAIN 4.2 SQUARMILES AS THE SIZE
OF "WATERSHED" NEEDED TO SUPPLY YOUR TOWN.

AS YOU MAY SUSPECT, THE EXAMPLE PRESENTED IN THIS OUTLINE
IS SIMPLIFIED. IN ACTUAL PRACTICE, MANY VARIABLE PHYSICAL.
FACTORS MU:a BE ACCOUNTED FOR IN DESIGNING A PROJECT THAT
UTILIZES THE FLOW OF A STREAM. FINALLY, WE CALL ATTENTION
TO THE FACT THAT THIS EXAMPLE PERTAINS TO STREAMFLOW ONLY.
MANY MUNICIPALITIES OBTAIN PART PR ALL OF THEIR WATER FROM
WELLS, WHICH PRESENTS AN ENTIRELY DIFFERENT PROBLEM.

3



WATER AND SUPPLY
LEVEL: JR. HIGH OR HIGH SCHOOL

ACTIVITY: MEASURE THE SLOPE OF A FIELD

SLOPE IS EXPRESSED IN PERCENT, MEANING THE NUMBER OF UNITS THE
LAND FALLS (OR RISES) IN 100 UNITS OF HORIZONTAL DISTANCE. YOU

CAN MEASURE HOW STEEP A SLOPE IS WITH SOME SIMPLE MATERIALS.
YOU WILL NEED A YARDSTICK, A STRAIGHT STICK EXACTLY 50 INCHES

LONG, AND A CARPENTER'S LEVEL OR A FLAT BOTTLE HALF FULL OF A COLORED
LIQUID. GO OUT ON A PLAYGROUND OR TO ANY PLACE YOU WOULD LIKE TO
KNOW HOW STEEP THE SLOPE IS. PLACE THE 50INCH STICK HORIZONTALLY
ON THE GROUND ONE END WILL SE HIGHER THAN THE OTHER BECAUSE OF THE
SLOPE). PUT THE LEVEL (OR THE BOTTLE) ON THE 50INCH STICK, AND
MOVE THE FREE END OF THE STICK UP OR DOWN UNTIL THE BUBBLE (OR THE
WATER) SHOWS THAT THE STICK IS LEVEL.

READ ON THE YEAROSTICK THE DISTANCE FROM THE GROUND TO THE
BOTTOM EDGE OF THE HORIZONTAL STICK.' THIS READING IN INCHES,
MULTIPLIED BY 2, GIVES THE PERCENT OF SLOPE.

IF YOU USE A STICK 100 INCHES LONG, THEN THE READING ON THE
YARDSTICK WOULD GIVE THE PERCENT OF SLOPE AND YOU WOULD NOT NEED
TO MULTIPLY BY 2.

INTERPRETATION:
SLOPE IS A VERY IMPORTANT LAND FEATURE. IT OFTEN DETERMINES

WHETHER A PIECE OF LAND SHOULD BE USED FOR GRASS, TREES: OR CUL
TIVATED CROPS.

THE SIZE OF PARTICLES MOVED BY WATER RANGES FROM THE SMALLEST
CLAY PARTICLES, CARRIED IN SUSPENSION: TO LARGE STONES AND BOULDERS
THAT SLIDE OR ROLL ALONG ON STEEPLY SLOPING STREAM BEDS.

WATER FLOWS SLOWLY OVER GENTLE SLOPE AND RAPIDLY OVER A STEEP

ONE. SINCE THE SLOPE OF A FIELD ITSELF CANNOT BE CHANGED, A FARMER
NEEDS TO DO WHAT HE CAN TO SLOW THE MOVEMENT OF WATER DOWN HIS SLOPES.
GROWING GRASS OR TREES, OR USING CONSERVATION MEASURES LIKE CONTOUR
FARMING AND STRIPCROPPING WILL HELP. OR HE MAY SHORTEN THE LENGTH

OF SLOPE BY BUILDING TERRACES AND DIVERSIONS.
BUT REDUCING THE SPEED OF THE WATER IS ESSENTIAL.
INCREASING THE VELOCITY OF A STREAM INCREASES ITS CUTTING OR

ERODING POWER. THE GREATLY MAGNIFIED POWER OF SWIFT CURRENTS AS
COMPARED WITH THAT OF SLOW ONES EXPLAINS THE WORK OF STREAMS AT

FLOOD STAGE ON STEEP SLOPES.
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WATER AND SUPPLY
LEVEL: JR. HIGH OR HIGH SCHOOL

ACTIVITY: SEE How CAPILLARY WATER MOVES THROUGH SOIL

MATERIALS:
3 OLDFASHIONED LAMP CHIMNEYS OR GLASS OR PLASTIC CYLINDERS PLUS 3
SMALL PANS OR LOW WIDEMOUTHED GLASS JARS, SOME THIN CLOTH, AND
SOME STRING OR RUBBER BANDS.

PROCEDURES:
FASTEN THE CLOTH OVER THE TOP OF THE LAMP CHIMNEYS OR THE CYLIN0

DERS. TURN THEM UPSIDE DOWN AND FILL EAdh THREEFOURTHS FULL WITH
ONE OF THE FOLLOWING DRY SOILS:

le SAND
2. CLAY SOIL. THIS KIND OF SOIL IS STICKY WHEN WET AND DRIES

IN HARD CLODS. GRIND UP THE CLODS AND PUT THE DRY CLAY IN
THE CHIMNEY.

3. ()ARK, CRUMBLY SOIL LIKE THAT FOUND UNDER GOOD GRASS SOD.
OR GET TOPSOIL FROM A GARDEN OR COMMERCIAL NURSERY.

JAR THE CYLINDERS SLIGHTLY BY BUMPING ON A TABLE TO SETTLE
THE SOIL. BE SURE THE SOILS ARE DRY.

SET THE CYLINDERS IN THE JARS AND POUR WATER IN TAE JARSDO
NOT POUR WATER IN THE CYLINDERS.

KEEP A RECORD OF HOW LONG IT TAKES THE WATER TO MOVE UP 1 INCH,

2 INCHES, AND 3 INCHES IN EACH CYLINDER. NOTE HOW LONG IT TAKES
FOR THE WATER TO REACH THE TOP OR WHETHER IT EVER REACHES THE Top,

THE IDEA IS TO COMPARE THE CAPILLARY MOVEMENT OF WATER IN COARSE,
MEDIUM, AND FINE SOIL PARTICLES.

INTERPRETATIONS:
MOISTURE MOVES THROUGH SOIL IN ALL DIRECTIONS, EVEN AGAINST

GRAVITY, BY CAPILLARY MOVEMENT. THIS MOVEMENT IS CAUSED BY THE
ATTRACTION WATER MOLECULES HAVE FOR EACH OTHER AS WELL AS THE AT
TRACTION BETWEEN WATER MOLECULES AND SOIL PARTICLES. WATER MOLE
CULES CLING TOGETHER AND FORM DROPLETS IN THE AIR OR ON A GREASY
SURFACE WHERE THERE IS NOTHING TO INTERFERE. BUT WHEN A DROP OF
WATER FALLS ON SOIL PARTICLES, IT SPREADS OUT AS A THIN FILM OVER
THE SOIL PARTICLESBECAUSE THE ATTRACTION BETWEEN THE SOIL PARTICLES
AND THE WATER MOLECULES IS GREATER THAN THE ATTRACTION BETWEEN THE
WATER MOLECULES THEMSELVES. WATER THAT MOVES THROUGH SOIL THIS

WAY IS KNOWN AS CAPILLARY WATER.
HOW FAR AND HOW FAST CAPILLARY WATER WILL MOVE IN A SOIL DEPENDS

ON THE SIZE OF THE SOIL PARTICLES AND THE CONDITION OF THE SOIL.
IF THE SPACES AROUND THE SOIL PARTICLES ARE LARGE, THE ATTRACTION
BETWEEN THE WATER MOLECULES AND THE SOIL PARTICLES WILL NOT BE
ENOUGH TO OVERCOME THE WEIGHT OF THE WATER AND IT WILL NOT RISE
APPRECIABLY; HOWEVER, WHAT MOVEMENT IT MAKES WILL BE RAPID BECAUSE

THERE WILL BE LITTLE FRICTION. THIS IS ,nuE IN SANDY SOILS.

ON THE OTHER HAND, IN FINETEXTUREO SOILS THE PARTICLES ARE
CLOSER TOGETHER AND THE ATTRACTION BETWEEN SOIL AND WATER IS GREATER.
WATER MAY THEN BE EXPECTED TO RISE MORE SLOWLY BUT HIGHER IN SOILS

OF FINE TEXTURE.
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UNDER FIELD CONDITIONS MOISTURE MOVES FROM WETTER SOIL TO DRIER

SOIL. THE DIFFERENCE IS NOT ALWAYS GREAT, THEREFORE CAPILLARY WATER

MOVES SLOWLY AND NOT FAR. EVEN SO, ENOUGH MOISTURE MOVES A SHORT

DISTANCE TO THE ROOTS OF GROWING PLANTS TO MAKE IT AN IMPORTANT

PLANT+SOIL RELATIONSHIP.

MUCH SOIL MOISTURE CAN SE LOST WHEN CAPILLARY WATER MOVES TO

THE SURFACE AND EVAPORATES. USING MULCHES CAN REDUCE THIS.
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WATER AND SUPPLY
LEVEL: JR. HIGH OR HIGH SCHOOL

ACTIVITY: COMPARE HOW MUCH WATER DIFFERENT SOILS HOLD

MATERIALS:

2 CANS OF EQUAL SIZE (COFFEE CANS WILL DO)
TWO 18INCH SQUARES OF CLOTH SOME HEAVY STRING
A PACKAGE OR SIMILAR SCALE THAT WEIGHS CONTAINER OF WATER SUCH AS

UP TO 64 OUNCES OR 2,000 GRAMS A 2- OR 3GALLON BUCKET
OR A 5QUART OIL CAN
WITH THE TOP CUT OUT.

PROCEDURES:

PUT EQUAL VOLUMES OF SOIL IN THE TWO CANS. TAKE THE SOIL FOR
ONE FROM A FIELD OR GARDEN THAT HAS BEEN CULTIVATED FOR SEVERAL
YEARS AND THAT SHOWS LACK OF ORGANIC MATTER. THIS SAMPLE SHOULD BE
HARD AND CLODDY GET THE OTHER FROM A WELLMANAGED FIELD WHERE
GRASSES AND LEGUMES HAVE BEEN GROWN, OR FROM A GOOD PASTURE OR
SIMILAR LOCATION. THIS SAMPLE SHOULD BE CRUMBLY AND FREE FROM
CLODS.

FIRST ALLOW THE SOILS TO DRY
EMPTY THE TWO SOS:. SAMPLES ON THE CLOTH SQUARES, PULL THE CORNERS

TOGETHER, AND TIE WiTH'A HEAVY STRING. WEIGH EACH SAMPLE AND RECORD
THE WEIGHT.

SATURATE EACH BAG OF SOIL BY HOLDING IT IN THE WATER LONG ENOUGH
TO SOAK THOROUGHLY. REMOVE THE SOIL SAMPLES FROM THE WATER AND ALLOW
THEM TO DRAIN OFF THE FREE WATER FOR A FEW MINUTES. THEN WEIGH AGAIN
AND RECORD THE WEIGHTS.

CALCULATE THE DIFFERENCE IN WEIGHT.
ANOTHER WAY TO MEASURE THE WATERHOLDING CAPACITY OF SOILS IS

TO USE TWO OLDFASHIONED LAMP CHIMNEYS OR CYLINDERS. TIE A CLOTH
OVER THE TOP, TURN THEM UPSIDE DOWN, AND FILL THEM ABOUT TWOTHIRDS
FULL WITH THE SAME TWO SOILS.

BE SURE THE SOILS ARE EQUALLY DRY.
PLACE THE CHIMNEYS IN SMALLMOUTH FRUIT JARS*
POUR A PINT OF WATER INTO EACH CHIMNEY. THEN NOTE HOW LONG

IT TAKES THE WATER TO BEGIN TO DRIP INTO THE JARS, HOW MUCH WATER
COMES FROM EACH SOILS AND HOW LONG THE WATER CONTINUES TO DRIP.

INTERPRETATIONS:
WHEN ORGANIC MATTER IS USED UP, SOIL PACKS TOGETHER. THUS,

A CLODDY SOIL HAS FEWER AIR SPACES, ITS PARTICLES DO NOT CLING.TO
GETHER IN GRANULES, AND THE LACK OF ORGANIC MATTER MEANS THAT IT
WEIGHS MORE THAN AN EQUAL VOLUME OF CRUMBLY SOIL FROM A WELLMAN
AGED PLOT.

NOT ONLY DOES A CRUMBLY SOIL TAKE IN WATER FASTER THAN A CLODDY
ONE, IT HOLDS MORE. THE THOROUGHLY DECOMPOSED ORGANIC MATTER
(HUMUS) IN A CRUMBLY SOIL CAN ABSORB LOTS OF WATER. ON A DRY
WEIGHT BASIS, THIS HUMUS HAS A WATERHOLDING CAPACITY OF SEVERAL
HUNDRED PERCENT AND MAY ACT LIKE A SPONGE. IN ADDITION TO THE WATER
HELD BY THE ORGANIC MATTER ITSELF IS THE WATER HELD IN THE PORES
BETWEEN THE SOIL PARTICLES AND BETWEEN THE SOIL GRANULES. HUNDREDS OF
VERY FINE SOIL PARTICLES ARE 1111PGETHER BY THE ORGANIC MATTER INTO
SOIL GRANULES.
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THIS INCREASED WATERHOLDING CAPACITY OF SOILS HIGH IN ORGANIC
MATTER UNDER NATURAL CONDITIONS MAKES A BIG DIFFERENCE IN THE INTAKE

OF WATER. THESE WELLMANAGED SOILS CAN ABSORB MOST OF THE RAIN
AND SNOWMELT (IF THE SOIL IS NOT FROZEN). THIS MEANS THERE WILL

BE LESS EROSION. STREAMS WILL RUN CLEAR. OF COURSE, WHEN THE SOIL
IS SATURATED BY A LONG PERIOD OF RAINFALL, ANY ADDITIONAL WATER

THEN RUNS OFF.
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WATER AND SUPPLY
LEVEL: HIGH SCHOOL

ACTIVITY: INVESTIGATING THE MOVEMENT OF WATER IN THE EARTH

MATERIALS: ESCP KIT FOR INVESTIGATION 9.3
PLASTIC COLUMN 80 CM X 35 MM INSIDE DIAMETER

CAP WITH DRAIN HOSE HOSE CLAMP

SCREEN TO PREVENT BEADS FROM DROWNING BEADS, APPROXIMATELY 4MM, 6MM,

RING STAND AND CLAMP AND 8MM (500 ML OF EACH PER

2 500 ML BEAKERS CLASS.)

1 100 ML GRADUATED CYLINDER 200 ML OF FINE SAND

200 ML OF COARSE SAND GRAPH PAPER

INTRODUCTION:
HAVE YOU EVER SEEN WATER SEEPING OR FLOWING FROM A HILLSIDE? HOW

FAST DOES GROUND WATER MOVE THROUGH THE PORE SPACES IN EARTH MATERIALS?

CAN WATER MOVE UPWARD THROUGH SOIL? IN THIS INVESTIGATION YOU WILL
FIND EVIDENCE TO ANSWER SOME OF THESE QUESTIONS BY EXAMINING THREE
PROPERTIES OF EARTH MATERIALS THAT AFFECT THE FLOW OF WATER UNDER

GROUND.

PROCEDURE:
CLAMP 80 CM TO THE RING STAND AND PUT CAP WITH DRAIN HOSE ON

LOWER END.
PLACE 100 ML OF UNIFORM BEADS IN THE COLUMN, MAKING SURE THE

WIRE SCREEN IS IN POSITION TO PREVENT THE PARTICLES FROM RUNNING

OUT.

A. RECORD THE AMOUNT OF WATER NECESSARY TO JUST COVER THE UPPER

SURFACE OF THE PARTICLES.
S. OPEN THE CI AMP AND ALLOW THE WATER TO RUN OUT INTO A BEAKER.

RECORD THE AMOUNT OF WATER RETAINED GY THI PARTICLES.

C. ADD 300 ML C7 WATER TO THE CYLINDER HOLDING THE BEADS. RECORD

THE TIME REQUIRED FOR THE WATER TO DRAIN THROUGH THE PARTICLES.

REPEAT USING OTHER SIZE PARTICLES.

INTERPRETATION: ANSWER THE FOLLOWING QUESTIONS.

1. WHAT IS THE RELATIONSHIP BETWEEN THE WATER YOU ADD AND
POROSITY, THE PERCENTAGE OF SPACE BETWEEN THE GRAINS?

MAKE A GRAPH SHOWING THE RELATIONSHIP BETWEEN POROSITY AND
THE DIAMETER OF THE PARTICLES. EXPLAIN YOUR RESULTS.

2. MAKE A GRAPH SHOWING THE RELATIONSHIP BETWEEN GRAIN SIZE AND
THE AMOUNT OF WATER RETAINED IN THE COLUMN AFTER DRAINING.

WHAT CONCLUSIONS CAN YOU DRAW FROM THE GRAPH?

3. CONSTRUCT A GRAPH SHOWING THE RELATIONSHIP BETWEEN EACH OF THE
GRAIN SIZES AND THE TIME REQUIRED FOR 300 ML OF WATER TO RUN

THROUGH THEM. EXPLAIN YOUR RESULTS.

4. PERMEABILITY IS THE RATE AT WHICH WATER CAN PASS THROUGH A
POROUS MATERIAL. WHAT IS THE RELATIONSHIP BETWEEN PERMEABILITY

AND SIZE.
SET UP THE APPARATUS FOR INVESTIGATING CAPILLARITY. USE 200 ML OF FINE

DRY SAND IN THE TUBE. WHEN YOUR PARTNER IS READY TO TIME, LOWER THE

TUBE INTO THE WATER SO THAT THE JUST BENEATH THE WATER SURFACE.

TIME AND RECORD THE CEONCES IN VEL IN THE TUBE AT 30SECOND

INTERVALS. REPEAT THOS PROCEDURE WITH 200m. or COURSE SAND IN THE TUBE.

5. ON THE BASIS OF Ylagia2SERVATIONS, WHAT IS CAPILLARITY?W 326
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WATER SUPPLY
LEVEL: JUNIOR HIGH & ABOVE

ACTIVITY: GROUND WATER: NATURE & DISTRIBUTION OF AQUIFERS

MATERIALS: CROSS SECTION CHART OF FORMATIONS
QUESTION SHEET

BACKGROUND: A GODY OF ROCK OR UNCONSOLIDATED SEDIMENT THAT IS
PERMEABLE AND CAN YIELD WATER IS CALLED AN AQUIFER. THE MOST
COMMON AQUIFERS ARE LAYERS OF SAND OR GRAVEL, OR BEDS OF SAND
STONE, LIMESTONE, AND DOLOMITE. AN INCLINED AQUIFER, THAT IS
EXPOSED AT THE SURFACE AND OVERLAIN DOWN DIP BY AN IMPERMEABLE
LAYER IS A CONFINED OR ARTESIAN AQUIFER. WHEN AN ARTESIAN
AQUIFER IS PENETRATED BY A WELL, WATER WILL RISE IN THE WELL
UNDER PRESSURE FROM THE WATER COLUMN IN THE AQUIFER. if THE

GROUND SURFACE AT THE SITE OF THE WELL IS APPRECIABLY LOWER
THAN THE INTAKE AREA OF THE AQUIFER, THE WATER WILL RISE TO
SURFACE, MAKING THIS A FLOWING ARTESIAN WELL.

PROCEDURE: USING THE CROSS SECTION CHART DETERMINE AND DO
THE FOLLOWING:

1. LIST THE ROCK UNITS THAT YOU WOULD EXPECT TO CONTAIN
FRESH GROUND WATER.

2. WHICH OF THESE UNITS IS AN ARTESIAN AQUIFER?
DRAW A COLORED ARROW TO INDICATE THE DIRECTION OF
GROUND WATER MOVEMENT THROUGH THE AQUIFER.

3. SUPPOSE YOU WERE RETAINED AS A CONSULTANT TO LOCATE
WATER WELLS OF THE SEVERAL TYPES LISTED BELOW. ON

THE CROSS SECTION, SHOW BY MEANS OF CXORED LINES LA
BELED A, B, C, & D THE WELLS Of THE VARIOUS TYPES THAT
YOU COULD DRILL.
A. FRESH WATER, NONARTESIAN WELL
B. FRESH WATER, FLOWING ARTESIAN WELL
C. FRESH WATER, NONFLOWING (PUMPING) ARTESIAN WELL
D. SALT - WATER, PUMPING WELL

ALSO INDICATE ONE LOCATION AT WHICH YOU WOULD EXPECT
TO FIND A FRESH WATER SPRING (LABEL E).

4. SUPPOSE THAT YOU WANTED TO PUMP SALT WATER FOR USE AS
A COMMERCIAL SOURCE OF IODINE. How COULD YOU PREVENT
THE SALT WATER FROM BEING DILUTED BY FRESH WATER IN
THE WELL?

5. IN WHAT OCCUPATIONS CAN YOU THINK OF WOULD THIS TYPE
OF ACTIVITY BE HELPFUL.
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EARTH SCIENCE - LOCATING PLACES & KEEPING TIME

AIR TRAFFIC CONTROLLER
ASTRONOMER
CARTOGRAPHY
GEOPHYSICS
MERCHANT MARINE
PILOTS
ELEMENTARY TEACHER
TECHNICAL WRITER
TRAVEL AGENTS
AGRICULTURAL EXTENSION WORKER
FISH & WILDLIFE TECHNICIAN
FORESTERY PRODUCTS TECHNICIAN
FLIGHT ENGINEER
WATCH REPAIRMAN
AIRPLANE DISPATCHER
BROADCAST TECHNICIAN
LOCOMOTIVE ENGINEER
STEVEDORE
POWER DISPATCHER
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ASTRONAUTS
GEOGRAPHY
GEOLOGIST
GROUND RADIO OPERATOR
METEOROLOGIST
SURVEYOR
TEACHER SECONDARY-COLLEGE
TELEGRAPHER
FBI AGENTS

FARMING
FORESTER
SOIL SCIENTIST
INSTRUMENT MAKER
SIGNAL MAINTAINER
BRAKEMAN (TRAIN)
BUS DRIVER
APPRENTICE ENGINEER
TAXI DRIVER
TRUCK DRIVER



LOCATING PLACES & KEEPING TIME

LEVEL: JUNIOR HIGH

ACTIVITY: THE LENGTH OF DAYS

MATERIALS: PER TEAM)
GLOBE WITH AXIS AND BASE
LIGHT SOURCE
PROTRACTOR

STRAIGHT PINS
MARKING PEN
(WATER SOLUBLE INK)

29/

INTRODUCTION:
AT ANY TIME OF THE YEAR, A DAYFROM NOON TILL NOON LASTS ABOUT
TWENTY -FOUR HOURS. BUT EXPERIENCE HAS SHOWN YOU THAT DURING SUM-
MER THERE ARE MORE HOURS OF DAYLIGHT THAN OF DARKNESS IN EACH DAY.
_,,IN WINTER THERE IS LESS DAYLIGHT IN EACH TWENTY -FOUR HOUR DAY.
'WHAT COULD CAUSE THIS? WHAT CHANGES WOULD HAVE TO BE MADE IN THE

... ROTATINGGLOBE MODEL OF THE EARTH TO ACCOUNT FOR CHANGES IN THE
...

, LENGTH OF DAYS? IN THIS INVESTIGATION YOU WILL CONSIDER ONE POSSI-

BILITY.

PROCEDURES:
A. COPY THIS CHART IN YOUR NOTEBOOK.

TILT

?VERTICAL.. i TILT 1 TILT

LOCATION I No . TOWARD I AWAY FROM

I TILT .LIGHT SOURCE 'LIGHT SOURCE

;EQUATOR
PIN

NORTHERN
HEMISPHERE
PIN

i

TILT
TO ONE SIDE OF
LIGHT SOURCE

i

U. CAREFULLY DRAW LINES AROUND THE GLOBE, FROM TOP TO BOTTOM,

TO DIVIDE THE GLOBE INTO EIGHT EQUAL SECTIONS.

O. STICK A STRAIGHT PIN ABOUT 9/10 OF THE WAY INTO THE GLOBE

NEAR THE "EQUATOR" AND ALONG ONE OF THE "NORTHSOUTH" LINES.

STICK A SECOND PIN INTO THE GLOBE AT A POINT ABOUT HALF

WAY FROM THE "EQUATOR" TO THE "NORTH POLE." THE SECOND PIN

SHOULD BE ON THE SAME "NORTH - SOUTH" LINE AS THE FIRST PIN.

D. PLACE THE GLOBE ABOUT 3 FEET FROM THE LIGHT SOURCE. .BE SURE

THAT THE CENTER OF THE GLOBE IS LEVEL WITH THE LIGHT SOURCE

AND THAT THE AXIS IS VERTICAL (STRAIGHT UP AND DOWN).

THE EARTH ROTATES ONCE ON ITS AXIS IN EACH TWENTY -FOUR

HOURS. IMAGINE THAT YOUR GLOBE ROTATES AT THE SAME SPEED.
SINCE THE LINES DIVIDE IT INTO EIGHT EQUAL PARTS, IT WOULD

TAKE 248, OR 3 HOURS, TO TURN FROM ONE LINE TO THE NEXT.

E. ONE TEAM MEMBER SHOULD BE POSITIONED SO THAT HE CAN SEE
THE "MORNING" SIDE OF THE GLOBE. A SECOND MEMBER SHOULD

BE POSITIONED OPPOSITE THE FIRST, LOOKING AT THE "EVENING"

331



-2 / s.

SIDE OF THE GLOBE. ROTATE THE GLOBE UNTIL THE "EQUATOR"
PIN IS JUST COMING FROM DARK INTO DAYLIGHT ("MORNING" FOR THE
PIN). THE EVENING OBSERVER SHOULD ROTATE THE GLOBE SLOWLY
UNTIL THE PIN REACHES THE DARK LIGHT LINE (EVENING). AS
THE GLOBE IS BEING TURNED, THE MORNING OBSERVER SHOULD
COUNT THE "THREE HOUR" SECTORS THAT PASS FROM DARKNESS INTO
LIGHT.

FOR HOW MANY "HOURS" WAS THE PIN IN THE LIGHT? (IF YOU
CANNOT TELL EXACTLY, ESTIMATE THE NUMBER AS CLOSELY AS YOU
CAN.) ENTER THE NUMBER OF "HOURS" IN THE TABLE IN YOUR
NOTEBOOK IN THE SPACE OPPOSITE "EQUATOR PIN" AND BELOW
"VERTICAL -.NO TILT."

F. REPEAT PROCEDURE E, BUT THIS TIME OBSERVE THE PIN IN THE
"NORTHERN HEMISPHERE." ESTIMATE THE NUMBER OF "HOURS"
IT SPENDS IN LIGHT AND ENTER THE NUMBER IN THE TABLE.

G. NOW TILT THE AXIS OF THE GLOBE ABOUT 300 FROM VERTICAL
TOWARD THE LIGHT SOURCE THE "NORTH POLE" TOWARD THE LIGHT;
THE "SOUTH POLE" AWAY FROM IT). CHECK TO BE SURE THAT THE
CENTER OF THE GLOBE IS STILL LEVEL WITH THE LIGHT SOURCE.
TURN THE GLOBE TO SEE HOW MANY "HOURS" EACH PIN SPENDS IN
LIGHT. BE CAREFUL NOT TO CHANGE THE TILT AS YOU TURN THE
GLOBE. ENTER YOUR OBSERVATIONS IN THE TABLE.

H. TURN THE BASE OF THE GLOBE UNTIL THE AXIS OF THE GLOBE IS
TILTED AWAY FROM THE LIGHT SOURCE. TEST EACH PIN IN TURN
TO SEE HOW MANY "HOURS" IT SPENDS IN LIGHT. ENTER YOUR
OBSERVATIONS IN THE TABLE.

I. FINALLY, TURN THE BASE OF THE GLOBE UNTIL THE AXIS IS TILTED
NEITHER TOWARD NOR AWAY FROM THE LIGHT SOURCE, BUT TO ONE
SIDE. ESTIMATE THE NUMBER OF "HOURS" SPENT IN THE LIGHT
BY EACH PIN AND ENTER THESE IN THE TABLE.

J. WHEN FINISHED, WASH THE LINES OFF THE GLOBE WITH SOAP AND
WATER, RINSE, SQUEEZE, AND SET OUT TO DRY.

INTERPRETATIONS:
1. COULD CHANGES IN LENGTHS OF DAYS ON EARTH BE ACCOUNTED FOR

BY THINKING OF THE EARTH AS HAVING A TILTED AXIS?
2. IT SO, WHICH SEASON WOULD CORRESPOND TO WHICH DIRECTION OF

TILT?

3. WHAT CAN YOU SAY ABOUT THE LENGTHS OF DAYLIGHT FOR POINTS
ON THE EQUATOR IF THE TILT OF THE AXIS CHANGES?

PROBLEMS:

1. HOW DO YOU THINK THE LENGTHS OF DAYLIGHT FOR A POINT NEAR
THE NORTH POLE WOULD BE AFFECTED IF THE TILT OF THE AXIS
CHANGES? DOES THIS AGREE WITH REPORTS YOU MAY HAVE HEARD
ABOUT CONDITIONS NEAR THE POLE?
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LOCATING PLACES & KEEPING TIME
LEVEL: JUNIOR HIGH

ACTIVITY: DETERMINING YOUR LATITUDE

MATERIALS: CARDBOARD 20 CM X 30 CM SCISSORS

STRING STAPLER
PROTRACTOR METRIC RULER

WEIGHT

TO THE TEACHER: STUDENTS NEED TO BE TOLD THAT THE ALTITUDE OF
POLARIS AND LATITUDE ARE THE SAME OR THIS CAN BE DEVELOPED BY AN
ACTIVITY WHERE THEY CAN DISCOVER THIS FOR THEMSELVES. AFTER THEY

KNOW THIS INFORMATION THEY CAN DO THE FOLLOWING ACTIVITY.

PROCEDURES:
A. IN THIS PROCEDURE YOU WILL CONSTRUCT AN INSTRUMENT CALLED

AN ASTROLABE (ASPDTROHLAYB). INVENTED BY THE GREEKS IN THE

SECOND OR THIRD CENTURY B.C. THE ASTROLABE IS ONE OF THE

MOST ANCIENT SCIENTIFIC 5gSTRUMENT3. IT WAS AN IMPORTANT

NAVIGATIONAL TOOL FOR EARLY SAILORS. IT IS USED TO MEASURE

VERTICAL ANGLES.
WITH A STRAIGHTEDGE, DRAW A LINE ACROSS THE CARDBOARD.

NEAR THE MIDDLE OF THE LINE MAKE AN INDEX MARK WITH A PENCIL.
USE SCISSORS TO CUT A TRIANGULAR NOTOH AT EACH END OF

THE LINE. THE NOTCHES SHOULD BE ABOUT 1 CM DEEP.
AT 10 CM FROM EACH OF THE UPPER CORNERS OF THE CARDBOARD,

MAKE A CUT 2 CM LONG. FOLD THE CARDBOARD.
PLACE A PROTRACTOR ON THE CARDBOARD AND CAREFULLY MARK

OFF DEGREES. MAKE EACH 50 AND 100 MARK LARGER THAN THE

OTHERS. (DO NOT COPY THE NUMBERED DEGREES SHOWN ON THE
ORIGINAL PROTRACTOR.) MARK THE DEGREE NUMBERS AS FOLLOWS:

,

PLACE THE STRING OVER THE INDEX MARK. FASTEN THE STRING

AT THE INDEX MARK WITH A STAPLE OR TWO. TIE THE WEIGHT SO

THAT IT SWINGS FREE OF THE INSTRUMENT.
THE ASTROLABE IS COMPLETE AND CAN BE USED TO MEASURE

THE ALTITUDES OF STARS, WITH REFERENCE TO THE EARTH'S HORI
ZON.

NOTE: THE FOLLOWING PROCEDURES HAVE TO BE DONE AT HOME IN THE

EVENING.

MR
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B. IN THE EVENINGS FACE POLARIS AND RAISE THE FAR END OF THE
ASTROLABE UNTIL YOU SIGHT POLARIS THROUGH THE NOTCHES.
THE WEIGHTED STRING MUST HANG FREELY. WHEN YOU HAVE SIGHTED
POLARIS, PRESS THE STRING AGAINST THE CARDBOARD, AND READ
THE ANGLE AT WHICH IT CROSSES THE'SCALE. THIS ANGLE IS
THE ALTITUDE OF POLARIS.

C. TAKE YOUR ASTROLABE HOME TONIGHT AND MEASURE YOUR LATITUDE.

INTERPRETATIONS:
1. WHAT IS YOUR MEASUREMENT FOR THE LATITUDE OF YOUR HOME?
2. WHAT IS THE AVERAGE OF THE VALUES OBTAINED BY YOUR CLASS?
3. WHAT LATITUDE IS GIVEN ON MAPS FOR YOUR LOCATION?

mom 334
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LOCATING PLACES AND KEEPING TIME
LEVEL: 9TH

ACTIVITY: TOPOGRAPHY

THE TOPOGRAPHIC OR CONTOUR MAP IS AN ACCURATE MEANS OF REPRESENT
ING THE RELIEF OF THE EARTH'S SURFACE.

MAP PROJECTIONS:

1. WHAT IS A MAP?

2. WHAT IS A MAP PROJECTION?

3. NAME AT LEAST FOUR COMMON MAP PROJECTIONS AND STATE ONE ADVANTAGE
OR DISADVANTAGE OF EACH.

TOPOGRAPHIC MAPS:

1. WHAT IS A TOPOGRAPHIC OR CONTOUR MAP?

2. NAME SEVERAL PHYSICAL FEATURES WHICH APPEAR ON TOPOGRAPHIC MAPS.

3 NAME THE FEATURES INDICATED ON CONTOUR MAPS BY EACH OF THE
FOLLOWING COLORS:

A) BLUE:
8) BROWN:
C) BLACK:
D) RE:I):

E) GREEN:

4. WHAT IS A RELIEF MAP?

5. WHAT IS MEANT BY THE SCALE OF A MAP?

6. IN THE SPACE BELOW SHOW THREE WAYS OF INDICATING THE 3CALE OF

A MAP.
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7. MEASURE THE DISTANCE ALONG THE MIDDLE OF THE ROAD FROM POINT A
TO POINT G SHOWN BELOW. USE THE STRAIGHT EDGE OF A SHEET OF
PAPER TO MARK OFF IN SUCCESSION EACH SEGMENT OF THE ROAD. COM
PARE THE TOTAL DISTANCE WITH THE GRAPHIC SCALE SHOWN TO DETERMINE
THE DISTANCE ALONG THE ROAD FROM A TO G.

o 1

8. WHAT IS $ CONTOUR LINE?

9. WHAT IS MEANT BY A CONTOUR INTERVAL?

10 IN WHAT TYPE OF AREA IS IT BEST TO USI;
(A) A SMALL CONTOUR INTERVAL?

(a) A LARGE CONTOUR INTERVAL?

DISTANCE:

11. IN THE SPACE PROVIDED ILLUSTRATE BY CONTOUR LINES EACH OF THE
FOLLOWING:
(A) A HILL FOUR CONTOUR LINES HIGH: (s) A DEPRESSION THREE CON

TOUR LINES DEEP:

(C) A VALLEY CONTAINING A STREAM USE FOUR CONTOUR LINES):

(0) A RIDGE CONSISTING OF AT LEAST THREE PEAKS:

12. EXACT LATITUDE AND LONGITUDE IN DEGREES AND MINUTES CAN BE DETER
MINED ON THE TOPOGRAPHIC MAP. (SEE NEXT PAGE)

(A) THE LATITUDE OF POINT X IS

(a) THE LONGITUDE OF POINT Y IS

(C) LOCATE POINT Z

(D) IN WHICH SECTION IS P LOCATED?
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(E) (N WHICH SECTION IS K LOCATED?

(r) WHICH MAP SERIES IS INDICATED HERE?
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LOCATING PLACES AND KEEPING TIME
LEVEL: 9TH

ACTIVITY: LATITUDE, LONGITUDE, AND TIME

ROTATION AND REVOLUTION OF THE EAATH ARE BASES FOR THE MEASUREMENT
OF TIME.

LATITUDE:

1. LATITUDE IS THE DISTANCE OR

MEASURED IN ON ONES CALLED

2. THE DISTANCE FROM THE EQUATOn TO THE POLES IS
LATITUDE OF THE EQUATOR IS VIT7
CATED DEGREES AND OF THE
AND THrATETIC AND ITAIr..""irfa7IRCLES ARE

THE YOUR HOME IS LOCATED ABOUT

LATITUDE.

Or THE

DEGREES. THE
RONCS ARE LO

DEGREES FROM
DEGREES

3. ON A CLEAR NIGHT, LATITUDE MAY BE DETERMINED BY FINDING THE
OF THE NORTH STAR. IN THE NORTHERN HEMISPHERE,

THE NUMBER OF DEGREES THAT THE NORTH STAR IS ABOVE THE HORIZON
IS THE OBSERVER'S 0

4. DURING THE DAY, LATITUDE CAN BE DETERMINED FROM THE
BY USE Or AN INSTRUMENT CALLED THE

LONGITUDE:

1. LONGITUDE IS THE DISTANCE OR OF THE

MERIDIAN MEASURED IN ON CIRCLES CALLED

THESE CIRCLES MEET AT THE AND ARE FARTHEST APART AT THE
AT THE EQUATOR, A DEGREE OF LONGITUDE (060TH OF

THE EARTH'S CIRCUWERENCE) !S EQUAL TO ABOUT MILES,
WHILE AT THE poLrs, A DEGREE OF LONGITUDE IS EQUAL TO

MILES.

2. STARTING rnom THE JRIML MERID:AO, HE MERID,ANS ARE NUMBERED UP
TO CCGREES :ND YOUR HOME

.....

IS LOCATE() ABOUT DEGREE:, LONGITUDE.
........................ ........... ................................

TIME:

1. THE LENGTH OF DAY IS DETERM/ND BY
.THE LENGTH OF YEAR IS DETERMINED BY

HE LENGTH OF LUNAR MONTH IS OETERMINED BY

3;7s
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2. IN ONE ROTATION ON ITS AXIS; THE EARTH TURNS DEGREES IN
HOURS. THIS IS A RATE or DEGRICS PER HOUR,

PLACES ON THE EARTH THAT ARE FIFTEEN DEGREES or LONGITUDE APART

WILL DIFFER' IN TINE.

3. WHEN THE SUN IS OVER ANY GIVEN MERIDIAN, THE TIME ON THAT MERIDIAN
IS . THE TIME AT A PLACE FIFTEEN DEGREES TO THE

EAST OF THIS MERIDIAN WILL St O'CLOCK; WHILE AT A

PLACE FIFTEEN DEGREES TO THE WEST IT WILL RE O'CLOCK.

4. DUE TO THE FACT THAT THE EARTH MOVES WHEN NEARER

THE SUN AND WHEN FARTHER AWAY, THE SOLAR DAYS ARE

NOT ALL OF THE SAME LEMON. THE AVERAGE OF ALL THE SOLAR DAYS

Of THE YEAR IS KNOWN AS THE DAY. OUR CLOCKS

KEEP TIME. Sararn....."..KEEPS TINE.

5. STANDARD TIME IS

6. THE STANDARB TINE BELTS or THE UNITED STATES AND CANADA FROM

EAST TO WEST ARE
.1

4111111,

RELATED QUESTIONS:

1* STATE TWO OR THREE WAYS SY WHICH TRUE NORTH NAY BE DETEITINCO.

2, (A) WHAT IS MEANT BY A GREAT CIRCLE?

(11) WHAT 1$ A GREAT CIRCLE ROUTE?

3. DISTINGUISH BETWEEN:
(A) A SEXTANT AND A CHRONOMETER

(s) CELESTIAL NAVIGATION AND DEAD RECKONING

4. WHAT.IARIER*40 YOU ThINK wOU1,0 SEES McgaltOUN0 PN THIS ACTIT'

ITV? LIST.

3;39
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LOCATING PLACES AND KEEPING TIME
LEVEL: 9TH

ACTIVITY: STANDARD TIME

INTRODUCTION: iNTHIS ACTIVITY YOU WILL STUDY THE STANDARD TIME
ZONES Of THE UNITED STATES.'

MATERIAL: MAP OF THE UNITED STATES

DIRECTIONS:
to ON A MAP, DRAW AND LABEL THE MERIDIANS UPON WHICH EACH Of THE

STANDARD TIME BELTS OF THE UNITED STATES AND CANADA ARE BASED.

2. DRAW THE BOUNDARIES FOR EACH TIME BELT, AND LABEL EACH OF THE

BELTS.

ACTIVITY QUESTIONS:

1. WHAT IS. MEANT BY STANDARD TIME?

2. WHY ARE THE BOUNDARIES Of THE TIME ZONES ZIGZAG. LINES?

3. HOW WOULD A PERSON CHANGE HIS WATCH AS HE CAME TO EACH NEW TIME

ZONE:.

(A) WHEN TRAVELING EAST TO WEST?

(II) WHEN TRAVELING WEST TO EAST?

4. IN WHICH STAKDARD TIME BELT IS EACH OF THE FOLLOWING:

iA) SALT LAKE CITY? ic) ATLANTA1

Los ANGELES? o) EL PAso?

5. WHEN IT IS 4 P.M. IN LONDON, ENGLAND, WHAT TINE IS IT IN

(A) RICHMOND? 19 DES Moms?
(11) PHOENIX? ALSANY?

6. AT WHAT TIME WOULD THE STROKES Of MIDNIGHT ON NEW YEAR'S EVE

IN UNOON, ENGLAND, BE HEARD OVER THE RADIO IN:

TOPEKA? (c) DENVER?

B LOS ANGELES? 0) ALBANY?

7. IN ORDER TO LISTEN TO A-CALIFORNIA FOOTMLL GAME WNIEN STARTS
AT 1 P.M., WHAT TIME WOULD A PERSON NEED TO TURN ON HIS RADIO

OR TV IN:
(A) NEW YORK CITY? (c) AUSTIN?

(B) HELENA? (0) NEVADA?

MVO
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EARTH SCIENCE - ASTRONOMY

AIR TRAFFIC CONTROLLER
ASTRONOMER
GEOPHYSICIST
MERCHANT MARINE
ELEMENTARY TEACHER

TECHNICAL WRITER
INSTRUMENT MAKER
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ASTRONOMY
LEVEL: JUNIOR HIGH

ACTIVITY: CONSTRUCTING A TELESCOPE

MATERIALS: PER TEAM)
LENSES, 2
MASKING TAPE
METER STICK

CONSTRUCTION PAPER, 2 SHEETS
SCISSORS

PROCEDURES:
A. THE LENS WITH THE GREATER MAGNIFICATION WILL BE THE EYE

PIECE OF YOUR TELESCOPE. HOLD THIS LENS NEAR YOUR EYE.
THE SECOND LENS AT ARMS LENGTH. BRING IT NEARER TO YOUR
EYE WHILE LOOKING AT A DISTANT OBJECT THROUGH BOTH LENSES.
WHEN THE OBJECT IS IN SHARP FOCUS, HOLD THE LENSES STEADY.
IMMEDIATELY HAVE ONE OF YOUR TEAM MEMBERS MEASURE AND RE
CORD THE DISTANCE BETWEEN THE TWO LENSES.

B. ROLL AND TAPE TWO SHEETS OF CONSTRUCTION PAPER TO FORM TWO
TUBES WITH SLIGHTLY DIFFERENT DIAMETERS. THE TUBES SHOULD
BE MADE JUST LARGE ENOUGH IN DIAMETER TO HOLD THE LENSES.
ONE TUBE SHOULD SLIDE INSIDE THE OTHER. WHEN EXTENDED, THE

COMBINED LENGTH OF THE TUBES SHOULD BE GREATER THAN THE
DISTANCE FOUND BETWEEN THE LENSES IN PROCEDURE A.

Co USE MASKING TAPE TO ATTACH THE LENSES TO TH4 FREE END Or
EACH TUBE.

D. LOOK AT A DISTANT OBJECT THROUGH YOUR TELESCOPE: AND SLIDE
THE TUBES IN OR OUT UNTIL THE OBJECT COMES INTO FOCUS.

INTERPRETATION:
1. IS THE IMAGE YOU SEE UPRIGHT en INVERTED?

FOR FURTHER ACTIVITY:
1. TRY TO CONSTRUCT A TELESCOPE USING ONE CONVEX LENS AND ONE

CONCAVE LENS. DESCRIBE THE RESULTS.
2. USE A TELESCOPE TO VIEW SEVERAL OF THE OBJECTS THAT GALILEO

OBSERVED IN THE SKY.

CAUTION: NEVER LOOK AT THE SUN THROUGH ANY TELESCOPE. YOU CAN
PERMANENTLY DAMAGE YOUR EYES BY VIEWING THE SUN, EVEN
THROUGH DARK GLASSES.

PROBLEM:
MOST STARS ARE SO FAR FROM THE EARTH THAT THEY DO NOT APPEAR TO

MOVE. ONLY THE CLOSER STARS CAN BE SEEN TO CHANGE POSITION
SLIGHTLY FROM YEAR TO YEAR. ONE OF THE CLOSEST, BARNARD'S STAR,
HAS BEEN OBSERVED TO WOBBLE BACK AND FORTH SLIGHTLY IN ITS PATH,
WHAT DO YOU THINK MIGHT BE THE CAUSE OF THE WOBBLE?

10011101. 343



ACTIVITY: GLOBE SHADOWS

MATERIALS: CLAY
COFFEE CAN

ASTRONOMY
LEVEL: JUNIOR HIGH

NAILS
GLOBE

,) 3

INTRODUCTION:
SUNLIGHT STRIKES THE GLOBE IN THE SAME WAY THAT IT STRIKES THE

EARTH. AT ANY ONE TIME HALF OF THE EARTH (AND OF THE GLOBE) RE
CEIVES DIRECT SUNLIGHT AND THE OTHER HALF OF THE EARTH (AND OF THE
GLOBE) RECEIVES NO SUNLIGHT. THERE ARE AREAS OF DAYLIGHT AND AREAS
OF DARKNESS, AND THE BOUNDARIES BETWEEN THEM ARE THE LINES OF SUNRISE
AND SUNSET. WHEN YOUR TOWN IS ON TOP AND THE GLOBE IS TURNED SO
THAT NORTH ON THE GLOBE POINTS TO NORTH ON THE EARTH, THE GLOBE
IS FACING EXACTLY THE SAME WAY THE EARTH IS. HERE-IS A WAY CHILDREN
HAVE ORIENTED GLOBES OUTOFDOORS0

PROCEDURES:
1. USING CLAY, FIX A NAIL AT YOUR HOME SPOT. (THAT NAIL IS

POINTING STRAIGHT UP, JUST LIKE THE SHADOW STICK ON YOUR
CHART.) THEN STAND THE GLOBE IN A COFFEE CAN OR OTHER
SUPPORT SO THAT THE NAIL IS AT THE VERY TOP. To CHECK TO
SEE IF YOU REALLY HAVE YOUR TOWN ON TOPS SIGHT ACROSS THE
GLOBE FROM SEVERAL PLACES.

2. KEEPING THE NAIL ON THE TOPS TURN THE GLOBE 30 THAT IT IS
IN THE SAME POSITION AS THE EARTH BENEATH YOUR FEET

THE MIDDAY SHADOW LINE POINTS NORTH. THE NORTH POLE ON YOUR
GLOBE SHOULD POINT IN THE SAME DIRECTION AS THE MIDDAY SHADOW.
To DO THIS, GO OUTSIDE AT MIDDAY AND TURN THE GLOBE UNTIL THE SHADOW
OF THE NAIL POINTS TO THE NORTH POLE ON THE GLOBE.

CHILDREN CHECK THEIR ORIENTATION OF THE GLOBE BY REFERRING TO
LANDMARKS OR TO FACTS THEY KNOW ABOUT LOCAL TIME IN DIFFERENT PARTS
OF THE COUNTRY: "1 THINK MINE'S RIGHT. I KNOW THAT THE TURNPIKE
RUNS EAST AND WEST, AND WEST ON THE GLOBE IS IN THE SAME DIRECTION
AS WEST ON THE TURNPIKE*" "THE SUNRISE LINE IS JUST AT CALIFORNIA.
MY GRANDMOTHER LIVES THERE, AND WHEN WE PHONE HERS IT'S ALWAYS THREE
HOURS EARLIER THAN IT IS HERE. SO IF IT'S 9 O'CLOCK HERE, IT'S ABOUT
6 O'CLOCK THEREAND THAT SHOULD BE ABOUT SUNRISE TIME."

LEAVE THE GLOBE IN ONE POSITION AT LEAST AT FIRST. CHILDREN
ARE LESS CONFUSED WHEN THEY PLACE THE GLOBE OUTSIDE AND LEAVE IT IN
ONE POSITION AND THEN WAIT FOR THE SUN TO "MOVE" RATHER THAN TRYING
TO ROTATE THE EARTH - -AT LEAST DURING THE EARLY WORK WITH GLOBES.
WITH THE GLOBE SERVING AS A SMALL MODEL OF THE EARTH, CHILDREN CAN
SEE HOW THE AREAS OF LIGHT AND SHADOW CHANGE OVER THE COURSE OF THE
DAY*

ONCE THE CHILDREN HAVE THEIR GLOBES PROPERLY ORIENTED IN THE SUNG*
LIGHT (WITH A NAIL AT THEIR HOME TOWNS AND THEIR HOME TOWN ON TOP),
THEY MAY WISH TO TRY TO ANSWER SOME OF THESE QUESTIONS.



GCOBE QUESTIONS:
1. WHERE ON THE GLOBE IS THE SUN DIRECTLY OVERHEAD NOW? TAKE

ANOTHER NAIL, AND MOVE IT AROUND UNTIL YOU FIND SUCH A PLACE:
THEN STICK THE NAIL THERE WITH SOME CLAY:
"I MOVED THE NAIL AROUND ON THE GLOBE UNTIL THERE WASN'T

ANY SHADOW. THERE WASN'T A SHADOW NEAR THE PANAMA CANAL."

2. ARE THERE OTHER PLACES WHERE THERE 13 NO SHADOW NOW? CHILD
REN TRY TO ANSWER THIS BY PUTTING NAILS IN SEVERAL LOCATIONS*
FOR ONLY ONE PLACE 00 THEY GET A "NO SHADOW." IT TAKES

TIME BEFORE THEY ARE SATISFIED THAT THERE CAN BE ONLY ONE
NO- SHADOW PLACE, AND THAT THIS PLACE MUST BE DIRECTLY UNDER
THE LIGHT (WHETHER THE SUN OR A LIGHT BULB).

3. FIND PLACES WHERE IT 13 MIDDAY NOW. ARE THE PLACES WHERE
IT IS MIDDAY TO THE EAST OR TO THE WEST OF YOU? SY TRYING
NAILS IN DIFFERENT PLACES, CHILDREN DISCOVER THAT WHEN IT
IS MIDDAY WHERE YOU ARE, IT IS MIDDAY AT EVERY PLACE DIRECTLY
NORTH AND DIRECTLY SOUTH OF YOU. IT MAY TAKE TIME FOR
THEM TO REALIZE THAT WHEN IT IS MIDDAY WHERE YOU LIVE, THE
SUN IS DIRECTLY OVERHEAD AT SOME POINT SOUTH OF YOU ALONG
THE SAME LONGITUDE AND THAT IS THE NOSHADOW PLACE.

k. WHERE WILL IT BE MIDDAY IN AN HOUR? WHERE WAS IT MIDDAY

AN HOUR AGO? THESE ARE GOOD QUESTIONS TO ASK OUTDOORS.
THE CHILDREN HAVE SOME KNOWLEDGE OF TIME ZONES, AND THEY
MAY TELL YOU THAT IT IS AN HOUR EARLIER WHERE A FRIEND
LIVES IN CHICAGO, THREE HOURS EARLIER IN CALIFORNIA: CAN

THEY TELL HOW MANY HOURS EARLIER IT 13 IN NOME, ALASKA?

5. WHERE DO YOU THINK THERE WILL BE NO SHADOW AN HOUR FROM NOW?

THIS IS A GAME THAT CHILDREN HAVE ENJOYED. THEY PUT LAeLLEO

NAILS ON THEIR PREDICTION POINTS: WEN THEY GO OST'AFTCA
THE HOUR IS UP, THE CHILDREN WHOSE NAILS AR. CLOSEST TO THE
NO- SHADOW POSITION AND THE NORTH -SOUTH SHAD1W POSITION ARE

THE BEST PREDICTORS.
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ASTRONOMY
LEVEL: HIGH SCHOOL

ACTIVITY: TOOLS Of THE ASTRONOMER

1. WHY DO ASTRONOMERS USUALLY TAKE PICTURES Of THE SKY RATH'S THAN
JUST STUDY IT THROUGH THE TELESCOPE?

Z. HOW ARE EXPOSURES OF STARS MADE POSSIBLE WHEN SUCH A' SMALL AMOUNT
OF LIGHT IS AVAILABLE FROM THEM?

3. if A CAMERA 19 POINTED TOWARD THE NORTH STAR AND THE SHUTTER
LEFT OPEN FOR A PERIOD OF THE THE FILM WILL ;mow, tury RACKS
OR STREAKS CAUSED BY THE LIGHT FROM THE STARS. WHAT DO THESE
STREAKS INDICATE?

4, WHY SHOULD THE PHOTOGRAPHIC FILM USED IN ASTROPHOTOGRAPHY BE
THE SAME SHAPE AS THE MIRROR?

WHAT IS A BLINK COMPARATOR?5.

6. WHICH PLANET WAS LOCATED THROUGH THE USE OF A BLINK COMPARATOR?

7. WHAT IS A SPECTROSCOPE?

8. DISCUSS SEVERAL USES OF THE SPECTROSCOPE.

9., DESCRIBE THREE TYPES, OF SPECTRA.
1. .

2.

3.

10. WHAT DO THE DARK LINES OF THE ABSORPTION SPECTRUM REPRESENT?

1

lie WHAT COLOR IS PRESENT ON THE SPECTROSCOPE IF A STAR'S TEMPERA*.
TURE IS HIGH? Low?

VIP
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ASTRONOMY

LEVEL: HIGH SCHOOL

ACTIVITY: THE SPECTROSCOPE (HOW CAN WE IDENTIFY ELEMENTS BY THE

LIGHT THEY EMIT?)

WHEN PROPERLY STIMULATED, EACH ELEMENT EMITS LIGHT OF A CHARAC
TERISTIC COLOR OR COLORS. THE SPECTROSCOPE IS A DEVICE FOR SEPARATING

LIGHT OF DIFFERENT COLORS. WE SHALL LEARN MORE ABOUT THE WAY IN WHICH

IT WORKS WHEN WE STUDY LIGHT. IN THIS EXPERIMENT, WE SHALL USE IT

MUCH AS YOU CAN USE A CAMERA WITHOUT KNOWING EXACTLY HOW IT PRODUCES
A PICTURE.

MATERIALS:
HAND SPECTROSCOPE
NICHROME WIRES WITH GLASS OR WOOD

HANDLES
CALCIUM CHLORIDE
CUPRIC CHLORIDE
SODIUM NITRATE

BUNSEN BURNER
SOLUTIONS OF LITHIUM CHLORIDE
POTASSIUM CHLORIDE
STRONTIUM CHLORIDE
SODIUM CHLORIDE
CONCENTRATED NITRIC ACIO (OPTIONAL)

PROCEDURES:
THE SPECTROSCOPE CONSISTS OF A LIGHTPROOF SOX WITH A SLIT AT ONE

END NEAR AN EDGE. AT THE OTHER END OF THE BOX IS AN OPENING FOR THE

EYE, AND JUST IN FRONT OF THIS OPENING IS A DIFFRACTION GRATING, A

DEVICE FOR SPLITTING LIGHT INTO ITS VARIOUS COLORS MUCH AS A PRISM

DOES. EACH COLOR IS DEVIATED BY A DIFFERENT AMOUNT AS SHOWN. THE

INRSERVER SEES THEM AGAINST A TRANSLUCENT SCALE WHICH MAY BE CALIBRATED

IN ANGSTROMS (1 A = 101-10 H).

LOOK THROUGH THE SPECTROSCOPE AT THE LIGHT FROM A WINDOW OR AN

INCANDESCENT LAMP. THE LIMITS OF THE VISIBLE SPECTRUM SHOULD DE

ABOUT Woo TO 7000 A. (7000 A IS THE RED END OF THE SPECTRUM.) IF

YOUR SPECTROSCOPE HAS A SCALE, CHECK IT FOR ACCURACY. IF THE SCALE

IS CALIBRATED IN ARBITRARY UNITS OD TO 100), NOTE THE POSITION OF

THE TWO ENDS OF THE SPECTRUM. RED VIOLET,

1. How MANY DIVISIONS ARE THERE BETWEEN THE RED AND THE VIOLET ENDS

OF THE SPECTRUM?

YOU CAN ASSUME. WITHOUT TOO MUCH ERROR THAT THE SCALE BETWEEN THE TWO

ENDS OF THE SPECTRUM IS LINEAR.

2. How MANY ANGSTROMS 00E3 EACH DIVISION ON THE SCALE REPRESENT?

1111/...1111.

YOUR INSTRUCTOR WILL GIVE YOU A PIECE OF PLATINUM OR NICHROME

WIRE ATTACHED TO A GLASS HANDLE. FORM A *SMALL LOOP IN THE END OF

THE WIRE. DIP IT INTO CLEAN WATER AND THEN HOLD IT IN THE BUNSEN

BURNER FLAME. NOW DIP IT INTO A SOLUTION OF SODIUM CHLORIDE AND

WATER. AGAIN HOLD IT IN THE FLAME.

3. WHAT DO YOU OBSERVE?

"
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THE LINE THAT YOU SEE CAN BE RESOLVED BY BETTER INSTRUMENTS INTO
TWO LINES AT 5890 A AND 5896 A.

REPEAT THE EXPERIMENT WITH SOLUTIONS OF LITHIUM CHLORIDES PO
TASSIUM CHLORIDE, CALCIUM CHLORIDE, STRONTIUM CHLORIDE, CUPRIC CHLOR
IDE, AND SODIUM NITRATE.

IF POSSIBLE, USE A SEPARATE WIRE LOOP FOR EACH SOLUTION AND SE
VERY CAREFUL NOT TO CONTAMINATE ONE SOLUTION WITH ANOTHER. IF YOU
MUST USE THE SAME LOOP, RINSE IT IN CLEAN WATER AND THEN IN CONCEN
TRATED NITRIC ACID AND HEAT IT IN THE BUNSEN FLAME UNTIL ANY COLOR
IN THE FLAME DISAPPEARS BEFORE USING IT EACH TIME.

DRAW IN LINES IN THE DATA TABLE FOR EACH DIFFERENT ELEMENT.
THE INSTRUCTOR WILL GIVE YOU A SOLUTION WHICH MAY CONTAIN ONE

OR MORE OF THE ELEMENTS THAT YOU HAVE STUDIED. TEST IT WITH THE
SPECTROSCOPE.

4. WHAT ELEMENTS DOES IT CONTAIN?

OBSERVE A FLUORESCENT LAMP THROUGH THE SPECTROSCOPE. LOOK
DIRECTLY AT THE BULB, HOLDING THE SLIT PARALLEL TO THE LENGTH OF
THE BULB.

5. Do YOU OBSERVE ANY BRIGHT LINES?
MAKE A SKETCH OF YOUR OBSERVATIONS.

6. WHAT IS THE ELEMENT IN THE FLUORESCENT LAMP WHICH IS CAUSING
THE LINES. USE A REFERENCE BOOK.)

DATA

SODIUM CHLORIDE
LITHIUM CHLORIDE

--,

POTASSIUM CHLORIDE
CALCIUM CHLORIDE
STRONTIUM CHLORIDE

,...........

...-

CUPRIC CHLORIDE
SODIUM NITRATE

DISCUSSION:
1. NAME TWO PRACTICAL USES FOR THE SPECTROSCOPE AS A MEANS or 10ENT14,

FYING THE PRESENCE OF ELEMENTS.

2. Do YOU THINK THAT ANY OF THE LINES WHICH YOU SAW COULD HAVE BEEN
CAUSED BY THE CHLORIDE ION? WHY OR WHY NOT?

3. WHAT TWO METHODS CAN BE USED TO EXCITE ATOMS, CAUSING THEM TO
EMIT LIGHT?

4. THERE ARE ADDITIONAL LINES OF THE ELEMENTS WHICH ARE TOO FAINT
TO BE SEEN WITH THE NAKED EYE, HOW CAN WE DETECT THEM?

5. WHAT OCCUPATIONS WOULD NEED TO KNOW HOW TO USE SOME METHOD OF
IDENTIFYING VARIOUS ELEMENTS?
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ASTRONOMY
LEVEL: HIGH SCHOOL

ACTIVIIV: APPARENT SIZE OF THE MOON

Pitosteml
You HAVE SEEN A FULL MOON RISING ABOVE THE HORIZON ON A CLEAR EVENING.
AS IT COMES INTO FULL VIEW, IT SEEMS TO BE MUCH LARGER THAN WHEN IT
IS SEEN OVERHEAD IN THE SKY. DOES THE SIZE OF THE MOON ACTUALLY

CHANGE?
\\

MATERIALS:
YARDSTICK
PAPER CLIPS

PROCEDURE:
BEND A PAPER CLIP IN A 11SHAPE SO THAT IT FITS TIGHTLY AROUND

THE YARDSTICK, AS SHOWN IN THE FIGURE BELOW. SIGHT ALONG THE VARD
STICK AT THE MOON AS IT APPEARS OVER THE HORIZON AND BEND THE OPEN
ENDS OF THE PAPER CLIP SO THAT THEY ARE THE SAME WIDTH APART AS THE

MOON APPEARS TO THE EYE. WITHOUT MOVING THE PAPER CLIP OR CHANGING

THE DISTANCE BETWEEN THE OPEN ENDS, SIGHT ALONG THE YARDSTICK AT THE

MOON AT INZERVALS ar ONE HOUR AS rr JOSE. IN THE SHY.

4itit or SIGHT

r.
Eye-

OBSERVATIONS:
1. DOES THE MOON APPEAR LARGER WHEN SEEN OVER THE HORIZON OR WHEN

IT IS HIGH IN THE SKY?

PAPER CLIP

;61op .

i0 Y

ASOSTEIC

2. DOES THE APPARENT SIZE or THE MOON FILL THE SAME SPACE BETWEEN

THE ENDS OF THE PAPER CLIP AT DIFFERENT SIGHTINGS DURING THE

EVENING?

3. DOES THE MOON SEEM TO GET SMALLER, AS FAR AS THE NAKEDEYE
OBSERVATION 1$ CONCERNED, WHEN IT RISES IN THE SKr?

4. ACCORDING TO YOUR PAPERCLIP MLASUREMENT# H43 SHE SIZE OP THE

MOON Acrum.tm PiANGED?

APPLICATION:
DO SOME LIBRARY RESEARCH AND COMPARE 144 StOONS ItEVOLVENO AROUND

14AR3 WITH WA OWN NAAPOL MOOSIe

SR ONO
:/49-
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ASTRONOMY
LEVEL: HIGH SCHOOL

ACTIVITY: MOTIONS AND PHASES OF PLANET

TIME REQUIREMENTS
PRELAB 5 MINUTES
LAS 10+15 MINUTES
POSTLAB 15 -20 MINUTES

MATERIALS: (PER GROUP OF FOUR STUDENTS)
STYROFOAM SPHERE, 3 TO 10 CENTIMETERS IN DIAMETER, STUCK ON A PENCIL.
OR A PIPE CLEANER; LIGHT SOURCE WITH A 15+ OR 25WATT BULB.

SPECIAL NOTES:

KEEP THE ROOM AS DARK AS POSSIBLE. You WILL HAVE TO ARRANGE
THE LIGHT SOURCES CAREFULLY. IF GROUPS ARE TOO CLOSE TOGETHER IT
WILL BE IMPOSSIBLE TO SEE THE PHASES OF THE STYROFOAM SPHERE.

THERE SHOULD BE NO BARE WIRES OR TERMINALS EXPOSED ON THE LIGHT
SOURCES.

PRELAB DISCUSSION:
BEGIN THE INVESTIGATION BY EXPLAINING TO STUDENTS THAT THEIR

PROBLEM IS TO PRODUCE THE PHASES OF PLANET K. SHOULD THEY USE A
SYSTEM CENTERED ON THE EARTH, THE SUN, OR ONE CENTERED ON PLANET X?
DO NOT SUGGEST WHICH ARRANGEMENT TO USE. LET STUDENTS INVESTIGATE
ALL POSSIBLE WAYS TO REPRODUCE THE GIVEN PHASES.

NOTES ON PROCEDURE:
STUDENTS SHOULD HOLD THE STYROFOAM SPHERE IN DIFFERENT POSITIONS

RELATIVE TO THE.LIGHT. MOVE ABOUT THE ROOM, REMINDING STUDENTS WHO
ARE HAVING DIFFICULTY THAT THEY ARE TRYING TO FIND WHERE THIS PLANET
IS RELATIVE TO THE SUN AND THE EARTH.

IF THE LIGHT SOURCE IS TOO DIFFUSE, YOU WILL NOT BE ABLE TO
SEE THE PHASES.

You GET THE BEST RESULTS WHEN YOU CLOSE ONE EYE TO LOOK AT THE
SPHERE. You MIGHT ASK STUDENTS WHY THEY DON'T SEE STARS AND PLANETS
IN THREE DIMENSIONS,

RANGE OF RESULTS:
TO SHOW ALL THE PHASES OF THE MOON STUDENTS SHOULD POSITION THE

SUN IN THE CENTER, WITH PLANET X'S ORBIT BETWEEN THE SUN AND EARTH'S
ORBIT.

POSTLAB DISCUSSION:
YOU MIGHT HAVE ONE GROUP PRESENT ITS VIEWS AND THEN HAVE A DEBATE.

STATEMENTS CAN BE MADE ONLY ABOUT INFORMATION AVAILABLE FROM THE IN
VESTIGATION. FOR EXAMPLE, DO NOT ALLOW A STATEMENT SUCH AS "BUT I
KNOW THAT THE MORNING AND EVENING STAR IS REALLY VENUS."

NOW WE CAN UNDERSTAND WHAT GALILEO WROTE. CYNTHIA IS ONE NAME

FOR THE MOON AND "MOTHER OF LOVE" REFERS TO VENUS, THE MYTHICAL
GODDESS OF LOVE. GALILEO SECRETLY ANNOUNCED THAT VENUS SHOWED ALL
THE PHASES OF THE MOON. THEREFORE, PTOLEMY WAS WRONG.

1 WIN OS
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ANSWERS TO QUESTIONS:

1. WHAT PLANET DO YOU BELIEVE PLANET X REPRESENTS? ANSWER: EITHER
MERCURY OR VENUS IS AN ACCEPTABLE ANSWER. SINCE STUDENTS SHOULD
HAVE CONCLUDED THAT THIS IS A PLANET WITHIN THE ORBIT OF THE
EARTH THESE ARE THE ONLY CHOICES. THEY RAVE NO EVIDENCE TO PREFER

ONE OVER THE OTHER.

2. IS THE ORBIT OF PLANET X IN THE SAME PLANE AS THE EARTH'S ORBIT?
HOW DO YOU KNOW? ANSWER: FROM THE INFORMATION GIVEN,'STUDENTS
WOULD HAVE TO CONCLUDE THAT IT IS NOT. IF IT WERE IN THE SAME
PLANE WE WOULD NEVER SEE A FULL OR NEW PHASE. INFREQUENTLY,

P PLANET X DOES CROSS THE PLANE OF THe EARTH'S ORBIT. HOWEVER,

REASONING EXCLUSIVELY FROM THE MODEL, STUDENTS WOULD NOT SAY 30.

3. ARE THE PHASES OF THE MOON AND OF PLANET X CAUSED IN THE SAME
MANNER? ANSWER: NO. THE MAIN DIFFERENCE IN PHASES SHOWN IN
FIGURE 20-6 IS THE SMALL SIZE OF PLANET X WHEN IT'S FULL AND ITS
LARGE SIZE WHEN AT CRESCENT. THE SIZE OF THE NOON IN THESE PHASES
ALSO VARIES, BUT NOT NEARLY SO MUCH AS PLANET X. THIS IS BECAUSE
PLANET X REVOLVES AROUND THE SUN IN AN ORBIT FAR FROM OURS. THE

MOON IS VERY CLOSE TO THE EARTH, SO ITS VARIATION IN SIZE IS SMALL.

44 IF PTOLEMY'S SCHEME WERE CORRECT, COULD PLANET X SHOW ALL'OF THE
PHASES OF THE MOON? ANSWER: YES. HOWEVER, THE BACKGROUND OF
STARS THROUGH WHICH PLANET X PASSED WOULD BE DIFFERENT.
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ASTRONOMY
LEVEL: HIGH SCHOOL

ACTIVITY: INVESTIGATING INTERPLANETARY DISTANCES

CALCULATE THE SCALE DISTANCES SO you CAN HELP STUDENTS WHO HAVE

TROUBLE WITH CALCULATIONS.

TIME REQUIREMENTS:
PRELAB 5 MINUTES

LAB 20+25 MINUTES
PO3TLAB 15 MINUTES

MATERIALS: PER GROUP Of TWO STUDENTS)
PAPER TAPE AT LEAST 40 M LONG METER STICK

SPECIAL NOTES:
SPACE WILL BE A PROBLEM SINCE EACH GROUP IS WORKING WITH 40

METERS OF TAPE. THE INVESTIGATION CAN BE DONE BEST IN A LONG HALL,

A GYMNASIUM, OR OUTSIDE THE BUILDING. A GOOD WAY TO BEGIN THIS IN
VESTIGATION IS TO :LAVE THE STUDENTS GIVE THEIR IDEAS Of DISTANCES

IN SPACE. MANY STUDENTS WILL BE ABLE TO RECITE THE ORDER OF THE

PLANETS. SOME MAY BE ABLE TO GIVE THEIR DISTANCES FROM THE SUN.
THIS DOES NOT NECESSARILY MEAN THAT THEY CAN VISUALIZE THE DISTANCES

BETWEEN PLANETS.
ANOTHER QUESTION YOU MIGHT ASK 13: WHAT DOES THE SOLAR SYSTEM

LOOK LIKE FROM A POINT IN SPACE? HAVE STUDENTS DISCUSS THEIR IDEAS

BRIEFLY.

NOTES ON PROCEDURE:
ONCE STUDENTS HAVE STUDIED FIGURE 1 THEY SHOULD SELECT A SCALE

TO USE FOR THE MOGLL0 GUIDE FIGURE 1 SHOWS THE MEASUREMENTS STUDENTS

WILL USE IF THEY PICK ONE METER TO REPRESENT ONE ASTRONOMICAL UNIT.
SINCC THE SCALE DIAMETERS OF THE PLANETS ARETRACTIONS OF A

MILLIMETER THEY WILL BE IMPOSSIBLE TO PLOT ACCURATELY.
AMONG THE MANY WAYS STUDENTS HAVE USED TO MARK THE DISTANCES

BETWEEN THE PLANETS AND THE SUN ARE:

1. MARK OFF THE DISTANCE WITH METRIC SURVEYOR'S TAPE.

2. MEASURE OFF THE DISTANCE USING METER STICKS.

3. STUDENTS MAY DEVELOP SOME CONVENIENT AND SIMPLE MECHANISMS TO

MAKE THE MEASURING EASIER. ONE ARRANGEMENT IS SHOWN IN GUIDE

FIGURE 2.

RANGE OF RESULTS
AS LONG AS THE RELATIVE DISTANCES ON THE PAPER TAPES ARE REASON

ABLY ACCURATE, DO NOT BE TOO CONCERNED ABOUT EXACT MEASUREMENTS.

THE SMALLNESS OF THE PLANETS IN COMPARISON TO THE DISTANCE BETWEEN
THEM WILL BE OBVIOUS WHEN STUDENTS TRY TO DRAW A 0.1 MILLIMETER DOT

ON A 40 METER TAPE. NOW THAT THE SCALE Of THE SOLAR SYSTEM CAN BE

SEEN BY THE CLASS, YOU MIGHT DISCUSS HOW LONG IT WOULD TAKE TO TRAVEL

FROM ONE POINT TO ANOTHER. THIS DISCUMON SHOULD CLEAR UP ANY

CONFUSION LEFT ABOUT THE ASTRONOMICAL UNIT. STUDENTS SHOULD REALIZE

THAT DISTANCES IN INTERPLANETARY SPACE ARE UNWIELDY WHEN YOU USE

MILLIONS OF KILOMETERS.
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A SAMPLE QUESTION YOU MIGHT ASK IS: How LONG WOULD IT TAKE TO
TRAVEL FROM EARTH TO MARS AT 100,000 KILOMETERS PER HOUR ASSUMING
THESE PLANETS kRE APPROXIMATELY 0.5 A.U. APART? ONE HALF Or 150 X
10u IS 75 X 10° KILOMETERS. AT 100,000 KILOMETERS PER HOUR ( A '
VELOCITY NO PRESENT SPACECRAFT CAN REACH) IT WOULD TAKE 750 HOURS° 1

ABOUT ONE MONTH.
IT WOULD BE A RARE OCCURRENCE TO HAVE ALL THE PLANETS LINE UP

AS SHOWN ON THE TAPE. INSTEAD OF A TAPE, A GREAT SHEET OF PAPER 8o
METERS IN DIAMETER COULD BE USED. LOOKING AT SUCH A LARGE SHEET,
DO YOU THINK YOU COULD SEE THE PLANETARY DOTS EASILY? THE SOLAR

SYSTEM SEEMS TO BE MOSTLY SPACE.
NASALS ACCOMPLISHMENT OF PUTTING TWO ASTRONAUTS ON THE MOON

MEANT GOING ONLY 2i MILLIMETERS ON THE SCALE:

GUIDE FIGURE 1
SOLAR SYSTEM TO SCALE
1 A.U. (ASTRONOMICAL UNIT) = 1 METER

=1=11116.

OBJECT

DISTANCE.

FROM SUN, METERS

DIAMETER,
MILLIMETERS

SUN
MERCURY
VENUS

EARTH
MARS

JUPITER
SATURN
URANUS
NEPTUNE

0.4
0.7
1.0

105

5.2
9.5
19.2

30.1

11.00
0.04
0.10
0.10

0.05
1.12

0.95
0.37
0.35

21211°--3245.---------(0:1°

GUIDE FIGURE 2

4

'/qfpc f,
(II :: .1u ( !,1 tu c

y 7 Upi 11 .3"
RAE.-



ASTRONOMY
LEVEL: HIGH SCHOOL

ACTIVITY: CONVEX LENS; IMAGE FORMATION

WWY DOES OUR CAMERA HAVE TO SE ADJUSTED FOR THE DISTANCE OF THE

OBJECT?

WHEN THE PICTURES OF NEAR OBJECTS ARE TO BE TAKEN, THE scum
OF THE CAMERA 13 GREATLY EXTENDED. THE LOCATION OF WHAT PART Of THE

CAMERA HAS BEEN CHANGED BY THIS ADJUSTMENT?
MOUNT THE LENS AND HOLDER ON THE METER STICK AND POINT THE STICK

AT SOME DISTANT OBJECT OUTSIDE THE WINDOW. STAND BACK OF THE WINOOW

IN A DARKER PORTION OF THE ROOM. PLACE THE CARDBOARD scam ON THE

OPPOSITE SIDE OF THE LENS. MOVE THE LENS UNTIL YOU SEE A CLEAR IMAGE

OF THE OBJECT ON THE SCREEN.

1. IS THE IMAGE A REAL IMAGE?

2. IS IT SMALLER OR LARGER THAN THE OBJECT?

3. INVERTED OR ERECT?

THE DISTANCE FROM THE LENS TO THE CARDBOARD IS THE FOCAL LENGTH.

RECORD THIS DISTANCE.

PROCEDURE: A. OBJECT BEYOND TWICE THE FOCAL LENGTH
PLACE THE LIGHT BOX AND WIRE MESH 0 AT THE ZERO END or THE METER

STICK AND THE CARDBOARD SCREEN NEAR THE OPPOSITE ENO (SEC D:AGRAM).

SET THE LENS AT A DISTANCE FROM 0 GREATER THAN 2 TIMES THE row.

LENGTH FOR EXAMPLE, 3 TIMES).
MOVE THE CARDBOARD UNTIL A DISTINCT IMAGE Of THE WIRE MESH IS

FORMED. RECORD THE DISTANCE OF THE OBJECT FROM THE LENS 00 AND THE

DISTANCE 01 OF THE IMAGE FROM THE LENS.

MEASURE WITH A METRIC RULE (OR VERNIER CALIPER) THE SIZE Or

FIVE SQUARES ON THE IMAGE. RECORD AS SI. MEASURE FIVE SQUARES ON

THE WIRE MESH AND RECORD AS So.
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B. OBJECT AT EXACTLY TWICE THE FOCAL LENGTH

MOVE THE LENS SO THAT IT IS
TANT FROM Ole LOCATE THE IMAGE.

FIVEeSQUARES ON THE IMAGE.

4. HOW DOES THIS IMAGE COMPARE
FIRST POSITION?

31/./

EXACTLY TWICE THE FOCAL LENGTH 013.
RECORD THE DISTANCES. AGAIN MEASURE

IN SIZE WITH THE IMAGE FORMED AT THE

C. OBJECT BETWEEN THE FOCAL POINT AND TWICE THE FOCAL LENGTH

REPEAT THE PROCEDURE WITH THE LENS AT A DISTANCE FR'A4 0 EQUAL
TO 1c TIMES THE FOCAL LENGTH.

5. HOW GOES THE SIZE OF THE IMAGE COMPARE WITH THE OBJECT?

D. CONJUGATE FOCI

LEAVE THE CARDBOARD SCREEN AT THE POSITION FOUND IN THE LAST

TRIAL. MOVE THE LENS UNTIL YOU FIND ANOTHER LOCATION FOR WHICH AN

IMAGE Is FORMED ON THE CARDBOARD SCREEN.

6. HOW DOES THE SIZE OF THIS IMAGE COMPARE WITH THE OTHER ONE FOUND
AT THIS SAME POINT?

RECORD THE DISTANCES OF THE OBJECT AND THE IMAGE FROM THE WM.

7. HOW DO THESE DISTANCES COMPARE WITH THOSE OF TRIAL C?

TWO SUCH POINTS ARE CALLED CONJUGATE FOCI.

TO FIND THE NUMERICAL RELATION BETWEEN THE DISTANCE. OF THE IMASE
AND THE OBJECT AND THE FOCAL LENGTH, IT IS NECESSARY TO CALCULATE

THE EXPRESSION 1 1 IT WILL BE SIMPLER IF EACH FRACTION IS

Do DI
REDUCED TO A DECIMAL AND THE TWO RESULTS ARE ADDED. cAmmen THIS
EXPRESSION AND CARRY OUT THE RESULT TO THREE DECIMAL PLACES.

SINCE THE FOCAL LENGTH OF THE LENS WAS CONSTANT THROUGHOUT THE
EXPERIMENTS THE FRACTION 1 WILL BE THE SAME FOR ALL TRIALS. EXPRESS

AS A DECIMAL.

8. Do YOU SEE ANY SIMILARITY BETWEEN THE RESULTS?

TO FIND THE RELATION THAT EXISTS BETWEEN THE DISTANCES OF THE
IMAGE AND THE OBJECT AND THEIR RESPECTIVE SIZES, REDUCE THE PRASTIONS,

22. AND p TO DECIMALS.
DI

9. WHAT DO YOUR RESULTS INDICATE?
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DATA
FOCAL LENGTH CM

TRIAL
Do

(CM)

DI

(CM)

1

Do DI

_

1 $o

(CM)

SI

(CM)

.
D
...a

0i

,

S
9...

Si

A
.. .

s

C

D
4 _1_

.

DISCUSSION:

1. WRITE THE RELATION WHICH YOU FOUND TO EXIST FOR THE DISTANCE OF
THE OBJECT; THE IMAGE, AND THE FOCAL LENGTH.

2. A CLEAR IMAGE IS FORMED AT A DISTANCE OF 30 INi FROM A LENS
WHEN THE OBJECT IS PLACED 15 IN. FROM THE LENS. WHAT IS THE
FOCAL LENGTH OF THE LENS?

3. HAVE YOU EVER NOTICED THAT A MUCH GREATER ADJUSTMENT Of THE
CAMERA LENS POSTION IS NEEDED TO CHANGE THE FOCUS FROM 3 FEET
TO 4 FEET, THAN TO CHANGE FROM 25 FEET TO 50 FEET? CAN YOU
EXPLAIN WHY?
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ASTRONOMY
LEVEL: HIGH SCHOOL

ACTIVITY: HOBBIES IN SCIENCE AND TECHNOLOGY

PROCEDURES:
A. WITNESSING THE SOI.E or THE F.LM

FIND A CAMERA WITH A REMOVABLE BACK. FASTEN A PIECE Of TRANS-

LUCENT PAPER TO THE BACK OF THE CAMERA W2TH SOME TAPE. You MAY

USE WAXED PAPER OR SONE TRICiNG PAPER. Fix THE SHUTTER MECHANISM

30 THAT IT REMAINS OPEN AND THEN PO:NT THE CAMERA AT SOME DISTANT
OBJECT. BY MOVING THE FOWSIN3 CONTROLS, BRING THE OBJECT INTO
FOCUS ON THE PAPER. Now, FOCUS ON AN OBJECT NEARER THAN THE PRE

VIOUS ONE.

DID YOU HAVE TO MOVE THE LENS FORWARD OR BACKWARD TO FOCUS?

8 AN IMPORTANT PRINCIPLE USED IN PHOTOGRAPHY MAY BE DEMONSTRATED
AS FOLLOWS:

DISSOLVE A FEW CRYSTALS OF SILVER NITRATE IN A HALF A TEST TUBE

OF DISTILLED WATER. ADD A L.:TTLE TABLE SALT SOLUTION. SHAKE THE

TEST TUBE WELL AND POUR HALF OF TILE RESULTNNG SUSPENSION INTO ANOTHER

TEST TUBE. PLACE ONE TEST TUBE IN BRIGHT SUNLIGHT. KEEP THE OTHER

TEST TUBE IN THE DARK AS A CONTROL.

DESCRIBE YOUR OBSERVATIONS HERE.

C. PHOTOCHEM:CAL DEMONSTRATION

FROM YOUR TEACHER OR FROM THE CHEMISTRY DEPARTMENT, OBTAIN A
SOLUTION OF SILVER NITRATE IN WATER AND THEM MAKE SOME SALT WATER
BY DISSOLVING LS MU!':u E4LT /S W':L DISSOLVE IN WATER AT ROOM TEM**

PERATURE. MIX THESE TWO CHEMICALS TOGETHER: (AGNO3 + NACL

AGCL + NAN03). THE ASk:L, OR SILVER CHLORIDE, WILL PRECIPITATE

AND WILL COAOULATL it HEAT IT SLOWL? W:TH A BURNER.

FILTER THIS ENTIRE SO'UT'ON AND THE SILVER CHLORIDE WILL REMAIN

ON THE FILTER PAPER. Do" TilS PRECIPITATE THOROUGHLY WITH BLOTTING

PAPER.

iN THE MIDDLE OF THIS BLOTTING PAPER, PLACE A LARGE COIN OR OTHER
OPAQUE OBJECT TO COVER A PART OF THE CHEMICAL, NOW, EXPOSE THE PAPER

TO A VERY BRIGHT LIGHT SUCH AS BURNING MAGNESIUM RIBBON.

WHAT DO YOU OBSERVE WHEN YOU REMOVE THE COIN?

WHAT DOES THIS DEMONSTRATION SHOW?
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